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No matter what your beiting needs, trere’s 
a Goodyear belt that will do the job becter 


BETTER BELTS at lowest cost. Goodyear’s tine of beits is 
complete and covers every possible use. Let 
FOR EVERY DRIVE BY us check your installation —we'll recommend 


the right Goodyear belt for your job. 


C8 GOODFYEAR 


WOUSTRIAL PRODUCTS DEPARTMENT THE GREATEST NAME IN RUBBER 
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66 KV Expansion type Circuit Breaker at Pathri ( U.P.) 


Supplied by: 
M/s. SIEMENS-SCHUCKERTWERKEA.G., 


W. GERMANY 
Sole Representatives : 
SIEMENS 


ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LIMITED 
STADIUM HOUSE, 81-83, VEER NARIMAN ROAD, BOMBAY. 


Branches : 
CALCUTTA AND NEW DELHI 
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TUBULAR STEEL 


POLES 
CAN TAKE THE STRAIN 


Our tubular steel poles are specially 
designed for carrying power 


\ 
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transmission cables. They are available 

in many types and sizes, so “that it is 

easy to find poles for any job. They are 
stronger and lighter than their substitutes 





and are able to withstand 
very wide temperature variations. 


Mmdian Tube 
| 


The ; Tide Company (1953) Limniees 
A AREY “Sen & Aoloyrs Soterprise 


| oad 
41, Chowringhee Rear, Caleuten-16 
F—~2—57 : 
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Cables and Accessories 


for every type of 
Electrical Installation 


BRITISH INSULATED CALLENDER’S CABLES LTD. 
ESPLANADE HOUSE, WAUDBY ROAD, P. O. BOX I11, BOMBAY | 








Represented in India by: 


THE INDIAN CABLE COMPANY LTD. 
9 HARE STREET, CALCUTTA 


Branches at: Ahmedabad, Ambala, Bangalore, Coimbatore, Kanpur, 
Madras, Nagpur, New Delhi, Secunderabad (Dn.) 
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To be published shortly 





Special Number on Symposium on 
Development of Power and Water Resources 


of West Bengal 


Containing all the 24 papers and discussions held at the Symposium organised by the Journal 
under the auspices of the Indian Science Congress in January, 1957. 


SUBJECTS 


1. Hydro-Meteorological Studies of West Bengal’s Rivers. 


2. Flood Control, Soil Erosion and Silt Problems and the role of Forestry and Soil 
Conservation. 


3. Problems and Possibilites of Irrigation. 


4. Possibilities and Prospects of Power in West Bengal, both Thermal and Hydro. 


5. Problems and Prospects of Drainage. 


The inaugural speech of Dr. B.C. Roy and the speech of Sri Ajoy Mukherjea, Chief 
Guest, will also be included. 


As the demand is expected to be great, all those interested are requested to book their 
orders in advance. 


Price Rs. 7.50 nP. 


INDIAN JOURNAL OF 
POWER AND RIVER VALLEY DEVELOPMENT 
6/2, Madan Street, Caleutta-13 

















INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


“Our highways of to-morrow... 
















Nias 
“ 
\ 


) 
e wa 


, iw \ 
ror | 
EA 
_ 


\w MO ““ 


can be built by 
CATERPILLAR‘ 


*Comepittcr ond Cot ore tegittured Ireds marks of (oreepilia: Varta (o USA. 


199 


to-day ! 





Because India’s expansion programme is 
in full swing many new industries are coming 
into existence and due to the ‘Grow More Food’ 
campaign more food is being produced. More and more goods are 

being carried by road transport. 

To open up new areas, to take care of the increasing traffic, new roads must 
be built and old roads have to be improved. 

Better roads can be built with Caterpillar equipment. You do not save 
time by stopping the clock. Neither do you save money by buying cheap 
equipment. Caterpillar equipment will save you both time and money 

by giving you better output with less downtime and more 

economical operating costs. 


Invariably a first choice among Government engineers and 
leading contractors, CATERPILLAR will, no doubt, play 
a leading part in building India’s future Highways. 


CATE RPILLAR* Paving the way to India’s progress 


*Coterpillar ond Cot are Registered Tredemarks of Coterpiller Trecter Co., U.S.A. 


TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL- TRACTOR & EQUIPMENT 
LIMITED LIMITED INDIA) PRIVATE LIMITED | CORPORATION (PRIVATE) 
Post Box 323, Calcutta | Post Box 278, Bombay Post Box 289, New Delhi LIMITED 


Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur P.O. Box 279, New Delhi 


TE/P/62 
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THE SECOND FIVE YEAR PLAN ensures continuance of the pace, set 
by the First Plan, for developing the tremendous hydro-eletric power 
potential in the country. 


As representatives of leading French manu- 
facturers, we have already been privileged to 
supply various mechanical and electrical 
machinery of power stations for varios 
projects. 

The latest orders were received from:- 
THE KOYNA HYDRO ELECTRIC 
PROJECT TO SUPPLY 4 PELTON 
TYPE NEYRPIC TURBINES, 
each rated at 87,000 BHP at 300 
RpM under an effective head of 
1560 feet, one house turbine of 
2,250 BHP, high pressure spherical 
valves and other accessories. 

The Andhra Valley Power 
Supply Co. Ltd., Bombay, for 
cemodelling of 6 Pelton turbines, 
each of 17,500 BHP, for their 
Bhivpuri Power Station. 
























Neyrpic Pelton Turbine runner 
105,000 BHP at 428 RpM 
under a net head of 2428 feet. 


MSTAS OA 








Associates: Batliboi Private Ltd. Bangalore & Secunderabad-Dn. 
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Compact and engineered for rugged, on-the-job service, 

the Euclid S-12 Hydraulically Operated Scraper is unequalled for 
performance, maintenance, accessibility and design. Power 
packed with a 218 h. p. engine...featuring a wide, 

shallow bowl with sectional cutting edges that can be arranged 
to suit the job...complete hydraulic controls which eliminate 

cable breakage etc.... with large, big capacity tyres for maximum 
flotation—the S-12 cuts earthmoving costs to the minimum, 
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Also available in the 
7 to 10 cubic yd. range 
Euclid Model S-7 


BLACKWOOD HODG 


BLACKWOOD HODGE (INDIA) PRIVATE LTD. 
CALCUTTA + MADRAS + DELHI » BOMBAY 





&6/53 ASSOCIATED COMPANIES BRANCHES WORKS AND AGENCIES THROUGHOUT THE WORLD 
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FACTS BEHIND FIGURES 
Astride India’s rivers are rising mighty 


dams to bring power and plenty to the nation. 
With the completion of the major 
Plan projects, 17) million acre feet of 

171 million India’s river water will be —_— The 
new river valley schemes will release 
2,000,000 KW power and irrigate 16 million 

acre acres. The total expenditure on 
feet water irrigation, power and flood control during 
the next five years will be Rs. 913 crores, 
for a 38% increase over the First Plan. 

These great development schemes constitute 


power and one of the most important aspects 


of the nation’s efforts to achieve economic 
plenty self-sufficiency. Texmaco, pioneer 

in many fields of engineering, working in 

technical collaboration with Voest 

of Linz, Austria, has constructed a wide 

range of hydraulic dam equipment 


for Rupar, Hirakud and other projects. vat : 
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TE xt MAA Co 
serves India's 
basic industries 


TXC-22 


TEXTILE MACHINERY CORPORATION LIMITED 
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make light work 
for your workmen 


Here is a happy and contented worker. He works in a 
factory whose lighting has been planned by Philips. 
where eye-strain, and the psychological ‘dip’ 















( 
\\\ 
which results from inadequate lighting, is 
banished. His morale is boosted. He works 
efficiently, longer, his production is higher 
His company makes better profits, gives better bonuses. 


‘TL’ FLUORESCENT LAMPS & FITTINGS 


make light work for you ! 
You can capitalize on Philips free technical advice to plan your 
factory lighting. Fluorescent Tubes with special fittings produce 
the best results. 









Please ask your dealer 
to show you a Philips’ 


BUY PHILIPS QUALITY AT RIGHT PRices °“*‘* 


PHILIPS INDIA PRIVATE LIMITED 


P 143 
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SPUN R.C. C. LAMP POSTS IN 
STREET LIGHTING 


Modern roads look grand when flanked 
by the elegantly designed R. C. C. Lamp 
Posts. Moreover the use of Concrete 
#7 Poles means resultant saving in Steel 
which we need for the Country’s future 
development under the 2nd Five Year 
Plan. Unaffected by weather they 
eliminate recurring expenditure on 
maintenance and painting. 


@ For details write to: 


Calcutta Branch : 


190/1 RASH BEHARI AVENUE, CALCUTTA-29 
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HYDRAULIC STEEL STRUCTURES 
70 THE ~BHAKRA DAM 


( TOTAL WEIGHT 1300 TONS APPOX ) 


Have Sygolied 


70 LOCOMOTIVE BOILERS 
TO THE INDIAN RAI 
( TOTAL WEIGHT [350 TONS APPOX) 


FEE ess aes pee 
ARSHALL, ONS 
& CO. CINDIA) LIMITED 


ENGINEERS = 


MARSHALL HOUSE * Hanuman Road * NEW DELHI-! 
CALCUTTA - BOMBAY - MADRAS - COLOMBO 
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AND THERE’S ONLY ONE TRADE-MARK LIKE THIS 








TIMKEN 








Originated, owned and registered by The Timken 
Roller Bearing Company, Canton, Ohio, U.S.A. 


When you buy tapered roller bearings, removable rock 
bits or fine alloy steel, look for the trade-mark “Timken” 
and the words, ‘Made in U.S.A.”—your guarantee of 
unsurpassed quality. These words identify the products 
of the world’s oldest and largest tapered roller bearing 
manufacturer. 

As owner of the trade-mark ‘‘Timken”’ we have 
licensed British Timken Ltd., Birmingham, England 
and Société Anonyme Francaise Timken, Asnieres, 
France to use the trade-mark. The Timken Roller 
Bearing Company, Canton 6, Ohio, U. S. A. Cable 
address: ““TIMROSCO”’. 

Distributors : 
Voltas Limited 
Bombay e Calcutta e« Madras « New Delhi 
Bangalore e Cochin. 


TIMKENUS.A. 


Sv THE Timken ROLLER Bearing COMPANY 


TAPERED ROLLER BEARINGS | 
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CONSTRUCTION MACHINERY 
from 


GERMANY 


Hammer Drills, Jack Hammers 
Air Compressors, Excavators 
(Shovels, Draglines etc.) 


Bulldozers, Mobile Cranes, 
Aerial Ropeways, Cableways, Conveyors etc. 





Contact : 
KAMANI ENGINEERING CORPORATION LTD. 
32 Nicol Road, Ballard Estate, 
BOMBAY |. 


T’Grams: “ENGCORP” Phone : 26-1744 (5 lines) 


Calcutta - Madras 





Branches: New Delhi 

















ATLAS COPCO ROCK DRILLS and 
SANDVIK COROMANT STEELS 
give maximum efficiency in Rock Drilling 


Coromant drill steels, fitted with tough tungsten carbide 
inserts, are exceptionally hard-wearing, even on very 
hard rocks. With a higher cutting and staying 
power than any other conventional jumper, these 
drill steels work most efficiently with Atlas 


Copco Rock Drills. a 
Enquiries to: 


VULCAN TRADING CO. 
PRIVATE LTD. 
19, British Indian Street, Calcutta. 


Other offices at 
Bombay Madras New Delhi 














VTC-30 
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we ‘move rivers’ 
into our hydraulic 


21,000 H.P. Propeller 
Type Hydraulic Turbine. 





laboratory! 


























Basis for industrial greatness—an abundance 
of waterpower combined with the most efficient 
hydro-electric equipment! Result: cheap power 
— industrial greatness! 

Canada’s waterpower potential is one of the 
world’s greatest and Dominion Engineering, this 
country’s major manufacturer of hydraulic tur- 
bines, works continually to improve its high 
standard of turbine efficiency. 

By using modern mechanical and electronic 
equipment, the power of rivers is simulated in 







the hydraulic laboratory where scale models of 
turbines are pre-tested under these operating 
conditions. 

These tests of the initial design reveal details 
of performance which, when finally correlated, 
result in turbines of maximum efficiency, re- 
quiring a minimum of maintenance. 


DOMINION ENGINEERING 


COMPANY LIMITED 
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<S Due to specialized design and superior knowhow CP 
diggin Re ein cteny ponerse tats a rery pe aE oh wn, 


For, tunnelling, trenching or mining the material itself, 
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CP diggers yield best results, combining efficiency with economy. 


Light, medium or heavy-duty models are available, with a wide choice of handles. 





Consolidated Pneumatic 
TOOL COMPANY LIMITED 
(Makers of Highclass Rock Drills, 


Air Compressors & Power Tools.) 
Post Box 205, Bombay—1. Phone : 24-2447 











Branches: 88, Stephen House, 4, Dalhousie Square East, Post Box 805, Calcutta—1. 
Finance House, Pattulos Road, Post Bag 5251, Madras—2. 
Post Box 4763, Karachi - Post Box 185, Lahore. 


New Delhi Office: 8A/29, Western Extension Area, Karol Bagh, New Delhi—S. 


CPT. S6.2a 
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Sand and gravel ....7sdfe curs and fills..... 
wet, muddy going ..... anytime and 
anywhere, this new big member of the 
LeTourneau-Westinghouse earthmover 


| NEW family will never let you down. Its exclusive 
power-transfer differential helps 


&s gy it over the roughest terrain. Fingertip 
electric control reduces operator's fatigue to 
the bare minimum. Engineered throughout 


for greater capacity, faster and easier 
TOU RNAPU LL loading, shorter turns and rugged trouble-free 
performance, this Big “B” Tournapull 
keeps working when other units shut down. 


Capacity ..... 18 cubic yards (struck) 
and 25 cubic yards (heaped). 
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William Jacks & Co.Ltd. 


(lacorporated in England. Liability of Members Limited.) 
CALCUTTA BOMBAY MADRAS 





WIC-273A 
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That was how it was done 











GPem-s 


Pressure pipes for water supply (mains and distribution); sewer pipes; irrigation pipes; low 
pressure pipes for drainage and rainwater waste, gas and oil pipes; cable ducts for telegraph, 
telephone and electric cables. About 80 miles of Italit pipes have been ordered and are 
being supplied to various State Governments in India. 


Manufacturers: 
Messrs, ETERNIT, S% P.O 


GENOA. ITALY. 


TT ONE 


LIMITED 








P. O. Box No. 12. -Madras-! 
P. O. Box No. 506 Bombay-! 
P.O. 
A 











Sole Agents in India: 











Box No. 208 Calcutta-! 
O. Box No. 172 .New Delhi 
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INDIA Five transformers, 

- three 20 MVA, 132/33-66 kV and 
two 10 MVA, 132/33 kV, have 
been supplied for the Damodar 
Valley Power Scheme. 


NEW ZEALAND Twenty-six 220 
4 kV transformers : 


by the State 
tric Department 


FERRANTI TRANSFORMERS FAMOUS THROUGHOUT THE WORLD 


FERRANTI LTD. HOLLINWOOD - LANCASHIRE - ENGLAND 


Sole Agents in India: BRITISH INSULATED CALLENDER’S CABLES LIMITED 
Esplanade House, Waudby Road, Fort, Bombay | Post Box II! 
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Fabrication 
and Erection of compiete 


Pi STEWARTS AND LLOYDS 


installations OF INDIA PRIVATE LTD. 








for Steam, Gas, Compressed” | sso orice: 41, crowringhes toad, 9.0. ox 270. Caleutes 
5 ir, Fuel Oil etc iis Sta peaama e 
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TECHNOEXPORT 








INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT’? 

















PUMPS 


for irrigation and 
flood-control in portable 
and stationary design 
COMPLETE FLOATING 
PUMP-STATIONS 


for irrigation as well as for 
waterlifting and draining 


: PORTABLE FIRE 
FIGHTING PUMPS 


» TECHNOIMPEX « 


HUNGARIAN MACHINE INDUSTRIES 
FOREIGN TRADING COMPANY 
BUDAPEST 62 P 0.8. 183 HUNGARY 





For enquiries also contact: Trade Representative of the Trade Commissioner of the 
Hungarian People’s Republic in India, Hungarian People’s Republic in India, 
18, Golf Link Area, “‘Revills’’ 45, New Cuffe Parade, 


New Delhi. Bombay. 
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International wall 
Drott Skid-Shovel with exclusive 4 in 1 Attachment sae 


International Drott Skid-Shovel is the fastest, toughest, most versatile 
front-end loader in existence! When the unique 4 in 1 attachment is 
fitted in place of the standard bucket, the Drott is instantly convertible 
from the operator’s seat to bulldozer, clamshell, bullclam or skid-shovel. 


Responsive Bulldozer Versatile Bullclam Big-capacity Skid- Shovel Many- purpose Clamshell 























INTERNATIONAL construction EQUIPMENT 


Backed by vo LTA Ss unrivalled service and spare parts organization 


VOLTAS LIMITED 


BOMBAY - CALCUTTA * MADRAS * NEW DELHI + COCHIN * BANGALORE * AHMEDABAD * SECUNDERABAD * LUCKNOW 
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Geologic Conditions affecting 
Design and Construction of 
Pressure Conduits and Power 


House underground 





By B. 8. SATHYA NARAYANSWAMI, 


Department of Geology, National Institute of Engineering, Mysore 


In underground hydroelectric power stations shafts 
and tunnels are the prominent features which form 
the main entrance, waterways, haulage ways and 
access to machine hall. 


Tunnels 

It is well known that tunnelling through hard rocks 
is a very ancient art and the progress in tunnelling 
operations in recent times is only in the achievement 
of rapidity and economy in execution. This progress 
is the result of development of new techniques and 
special equipment based on the experience and to a 
greater extent on the knowledge of the character and 
behaviour of soil and rock formations through which 
tunnels are driven. The cognizance of the geological 
conformation and composition of a tunnel route 
helps to adopt suitable equipment and maintain a 
reasonable cycle of tunnelling operations, viz., drilling, 
blasting and mucking, which results in a lowering of 
the cost per unit volume excavated and a rapid cons- 
truction. 


Underground power stations 
Underground power station is the most obvious 
choice where the dam site is a narrow gorge or where 


‘it is essential not to spoil the amenities of landscape, 


also in order to immunize it from the dangers of 
aerial warfare and bombing. Nowadays the trend 
towards underground stations has also been accen- 
tuated due to improvements in tunnelling technique. 
Another advantage of shifting power stations under- 
ground is that they will never be endangered by 
natural forces such as lightening, floods, landslides 
and avalanches. 


Role of Geology 

For housing power stations underground a suitable 
rock formation of favourable geologic conformation 
is an obvious necessity. Actual location of the shafts 
and tunnel routes, design and construction methods, 
dimensions of the machine hall and vaults for the 
turbines and transformers are greatly influenced by 
the soil characters, rock types, their condition and 
behaviour as well as groundwater conditions of the 
site. The rocks are seldom uniform to any considerable 
extent either in composition or structure and nearly 
in every length of a tunnel or shaft some modifica- 
tions may be expected. Many features require 
careful consideration, such as jointing, stratification, 
attitude, residual-stresses, variation in strength and 
elastic properties of rocks. Pressure tunnels need 





generally a strong impervious lining such as R:C.C. 
or continuous steel lining backed with ‘concrete 
throughout the length. Tunnel linings are said to be 
acted upon by both internal and external water 
pressures and rock load. The external water pressure 
acts through fissures and pores in rocks (and pores 
in concrete). The magnitude of such pressures depend 
on the overburden and the state of stress in the rocks 
prior to tunnelling and is estimated on the basis of 
geologic and hydraulic conditions. 


Therefore a proper interpretation of the geologic 
conditions of the tunnel site and route provides valua- 
ble data to locate, design and construction of pres- 
sure shafts, tunnels and power stations. Further a 
prediction of location, quality and extent of bad 
tunnelling ground and as to how the rock will break 
helps greatly in the design and preparation of esti- 
mates of placing, lining and grouting. Thus it is cf 
paramount importance to carry out all exploratory 
work and geological investigations to get as far as 
possible an accurate information about the physical 
characters, structural features and in situ behaviour 
of rocks as well as groundwater conditions before 
construction commences. An attempt is made in 
this treatise to describe the difficulties encountered 
due to geological complications and groundwater 
conditions which affect tunnelling operations, success- 
ful erection of lining, excavation of power house and 
to outline problems arising from rock deformation 
due to excavation. 


Requirements for the Safe Design of 
Pressure Conduits 
1. Impermeability of the rocks or the materials 
surrounding the tunnel; 


2. Means to withstand the pressures set up by un- 
balanced head on the water passing through the 
conduit, 


3. Since a lining of some type is invariably used to 
satisfy the above conditions and to secure a high 
hydraulic efficiency, consideration of the possi- 
bility of the tunnel being empty with ground- 
water tending to exert a considerable pressure 
on the outside of the lining. 


These three requirements have a seperate bearing 
on the final solution. Although a pressure conduit of 
steel or R.C.C. would meet these, for safety and an 
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economical endeavour advantage is taken of the 
characteristics of the rocks encountered. 


Functions of the Rock 

The in situ behaviour of the rock is the most im- 
portant factor in the design of pressure shafts and 
tunnels. The section of the pressure tunnel will 
generally be approximately circular and the lining 
under pressure will be in tension. The structural de- 
sign of the lining is governed by the anticipated maxi- 
mum water pressure, from which can be calculated 
the total bursting pressure exerted on the lining. 
This pressure is transmitted from the lining to the 
concrete and the rock in a radial direction and is 
therefore to be resisted partly by the lining and partly 
by the rock. In some cases the entire load will be 
transmitted to the rock, the lining serving only a3 an 
impermeable membrane. The lining will be buckled 
or ruptured if the rock behind the lining is not in- 
compressible. Therefore the rock is the most impor- 
tant material in pressure shafts and tunnels as it 
carries most of the pressure loading. 


Geological Investigations 
Tunnelling through plastic and cohesionless i.e. un- 
consolidated earth materials which move into the 
tunnel and eventually fil) the entire bore if the walls 
and the roof are not properly and suitably supported, 
is called Soft Ground Tunnelling. Tunnelling through 
hard rocks is called Rock Tunnelling. 


Geological investigations generally fall into three 
stages: 


1. A reconnaissance investigation during planning 
stage—a general regional examination cf the 
tunnel site as a background to explore local 
conditions, 


> 
~ 


2. Detailed mapping of the site and drawing sec- 
tions along all possible lines during designing 
stage, and 


3. Exploration of special or bad features and dis- 
tribution and flow of groundwater as well as 
continued assistance during construction to over- 
come unforeszen or unpredicted geologic condi- 
tions and to determine the in situ behaviour of 
rocks during tunnel excavation. 


Reconnaissance investigation include a study of 
the general surface and subsurface features having 
any bearing on the engineering problems associated 
with tunnel and power house location and construc- 
tion such as the distribution of rocks, their struc- 
tural features and defects like folding, faults, joints, 
visible bed rock geology, permeability, direction of 
dip and strike, and overburden characteristics. 


Surface mapping provides much of the geological 
information on which to base plans for construction. 
Large scale geological map of the tunnel area together 
with geological sections along the central lines of all 
proposed routes give first hand information regarding 
the rock types to be penetrated, their thickness, struc- 
tural features, attitude as well as the position of every 
change in their sequence, unconformity, and the 
nature of doubtful and bad ground. This helps deter- 
mination of drillability, overbreak, popping and 


necessity for support during construction and rock 
cover to be allowed between the tunnel arch and the 
ground surface. 


Special features such as extreme irregularities, 
chemical alterations, intercalated soft beds and frac- 
ture zones, water bearing horizons, perched water 
table and ground water conditions, elevations of bed 
rocks concealed by thick overburden are explored by 
trial pits, drifts end core drilling. Core drilling also 
helps location of shafts. If the borings are not suffi- 
cient and not properly planned, many important 
defects are left undetected. In conspicuously bad 
ground the features are determined by suitable geo- 
physical methods under geologic advice. It also in- 
cludes to carryout tests on samples of materials occur- 
ing at tunnel level to determine the behaviour of 
rocks on exposure to eir or water and the pressure on 
the tunnel arch, as well as to ascertain elastic ex- 
pansion of rocks on release of pressure, swell and 
compressive strength. 


The predictions made by geological investigations 
in the earlier stages are not 100 per cent correct. 
Therefore to investigate further any variations from 
the forecasted conditions and to decide whether they 
affect the tunnel construction as well as to assist 
measurements of stresses, strain and modulus of elas- 
ticity in rocks, in situ, by means of instruments 
during excavation, routine geological inspection 
until the excavations are completed is essential and 
afford greater assurance of success. 


The amount of investigation depends on the geolo- 
gical complexity of the area as well as on the length 
and size of the conduit and the machine halls accor- 
ding to the type of power station whether “‘head 
development” or “tail development” which in turn 
depends upon the river’s gradient. 


In addition to meet the practical problems in exca- 
vation the record of the geological investigations, 
maps and sections also serve to mect maintenance 
and future disturbances. The seriousness of rupture 
of the pressure conduit due to lack of rock resistance 
and its repair evaluate the geological significance. 


Soft Ground Tunnelling 

Under the designation of soft ground or earth are 
included all unconsolidated rocks as well as those 
deposits or friable materials which are incoherent or 
plastic and have a crushing strength of less than 4 
tons per square foot like alluvium, loess, residual 
deposits, clay and soft shale and deeply decomposed 
representatives of igneous, matamorphic and sedi- 
mentary rocks. The thrust exerted by these materials 
on the tunnel support and lining called earth pressure 
depends on the nature of the materials surrounding 
the tunnel. The soft ground may be dry, moist or 
wet depending upon whether the interstices between 
grains or particles are filled with water or not, and 
also the position of the water table. 


Pressure distribution in soft ground 

According to Terzaghi’s theory of pressure distri- 
bution in soft ground, stresses along horizontal planes 
are uniformly distributed with predominant vertical 
compression. The linings of tunnels in soft ground 
therefore will have the characteristics of two retaining 
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walls facing each other with the space between arched 
over and the sides will be subjected to the thrust of 
the horizontal material while the arch will have to 
withstand the weight of the superincumbent material. 
The tunnel sections in clayee material require special 
steel tubing or casing and the loose material behind 
the lining must be rammed into place. 


Terzaghi distinguishes the following types of soft 
ground : 


1. Firm ground : materials in which a tunnel canbe ad- 
vanced without immediate roof support. Loess 
above water table and marls of low plasticity are 
examples of this type; 


2. Raveling ground : materials which flake or spall 
after some time on their exposure. If flaking be- 
gins in a few minutes the ground is described as 
‘fast raveling.’ Residual soils below water table 
is a good example. 


3. Running ground : materials which flow on slopes 
greater than 34° to the horizontal, like loose 
gravel, coarse to medium sand above water table. 


. Flowing ground : materials which move like viscous 
fluids. They may invade the tunnel both from the 
roof and sides as well as on the floor. A rush of 
the flowing ground is known as ‘blow’. Flowing 
conditions prevail in a ground with an ‘effective 
grain size’ in excess of about 0.005mm. (10 per 
cent of the particles finer and 90 per cent coarser 


_~ 


than the effective grain size) when the tunnel is 
located below the water table. 


5. Squeezing ground: materials advancing into the 
tunnel slowly without any sign of fracture due to 
very high proportions of microscopic and sub- 
microscopic particles of micaceous and clayee 
minerals with low swelling capacity. 


6. Swelling ground: Like squeezing ground moves 
slowly into the tunnel, but the movement is 
associated with a very considerable volume in- 
crease of the ground surrounding the tunnel as 
common with sedimentary formations with in- 
tercalated anhydrite (CaSQ,). 


If the materials are thoroughly water-logged the 
tunnel will be under very severe hydrostatic pressures 
and lining should be designed to withstand 1.5 to 2.5 
times the normal hydrostatic pressure at the depth at 
which this ground isencountered. There will belittle or 
no rock load on the tunnel lining in partially consolida- 
ted rocks due to their appreciable crushing strength but 
pressure due to contained water will be present. 
Severe falls of the roof can be prevented by erecting 
lining as quickly as the excavation proceeds forward 
and close upto the working place. 


The most serious difficulty in soft ground and parti- 
ally consolidated rocks is the percolation of water in 
the tunnel. As such it is absolutely essential to study 
the undisturbed samples of the materials and to de- 
termine accurately the position of groundwater table. 
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If the materials consist of fine silt. or clay their per- 
formance depend on their water content and consis- 
tency. Service of geology in case of soft ground tunnell- 
ing operations is to aid in locating borings and inter- 
pretation of results on the basis of the processes by 
which the materials were formed and to construct 
geological sections based on the results of the test 
borings and to correlate the groundwater condition 
with the geologic structure of the site. By this it is 
possible to determine the ground conditions in ad- 
vance and thereby assist soil mechanics methods and 
techniques to improve the properties of soft ground. 
In many instances photogeology is of great assistance 
in the interpretation of soft ground. 


Rock Tunnelling 

The technique of excavating in rock tunnelling 
depends on the rock type, its strength and stability 
and main direction of the strata. Nearly all hard and 
massive rocks of wide extent, unless disturbed, can 
easily be penetrated as they stand without support 
and do not present any exceptional features. Altho- 
ugh hard rocks are best suited they may be highly 
affected by geological processes and alterations that 
they require careful examination as to their beha- 
viour as in most tunnels and shafts earth conditions 
may be encountered at many lengths adjacent to 
faults and shear zones. 


As the design of pressure conduits and lining is 
based on the physical characteristics of rock types 
an adequate knowledge of the important characters 
and an estimate of the defects of rocks are of great 
value. 


Physical character of rocks 

The character of rocks which are of great impor- 
tance in the design and construction of pressure con- 
duits and critical to the design of lining are crushing 
strength, elasticity, stress and strain conditions 
and impermeability. These characters directly or in- 
directly are dependant on the age, type, mode of 
occurance and conditions of rocks and are modified 
when exposed to the action of wind, water, changes 
in temperature and when subjected to mechanical 
pressure, abrasion or impact. 


Geologically older rocks are generally hard and slow 
to excavate and involve considerable expense, younger 
rocks are comparatively easier and more economical 
in construction. Formations of recent origin increase 
construction difficulties. Igneous and metamorphic 
rocks are harder, massive and almost impermeable 
solid formations. But if they are disintegrated, 
altered, shattered, jointed or ruptured, they develop 
most treacherous conditions. [Igneous rocks and 
many of their metamorphosed representatives occur 
over wide areas in the form of laccolites, batholiths 
and also as extensive lava formations or schist belts. 
Sedimentary rocks, on the other hand, because of their 
different methods of formation and resulting structu- 
ral pecularities and behaviour present: most difficult 
problems in tunnelling and affect pressure conduits to 
a greater extent. They are highly susceptible to 
changes in pressure and therefore they are unstable. 
They are also easily affected by exposure to air or 
water. The attitude of the strata, whether horizon- 
tal, inclined or folded, direction of dip and strike in 
respect of tunnel line greatly affect the stability of 


the tunnel section. The groundwater traversing 
through the bedding planes and joints affect the 
construction and the lining. 


Crushing strength 

Most of the igneous and metamorphic rocks and a 
few hard, massive sedimentary rocks carry most of the 
pressure loading, but are highly influenced by visi- 
ble defects like faults, fissures, joints and alteration. 
If the rock is of poor quality or if the overburden 
above the tunnel line is not sufficient, cracks occur 
and water may seep through. The overburden action 
keeps the cracks and fissures closed and check the 
detrimental effect of the tensile stresses. However, 
rocks usually weaken when subjected to continued 
loading and may fall considerably below their normal 
ultimate crushing strength. 


Stress and strain conditions 

According to the ‘hydrostatic theory’ of natural 
stress distribution in rocks of the swiss geologist 
Albert Hiem, at great depths the rocks are stressed 
by their own weights and behave as a plastic material 
or @ liquid, and the stress at any point will be the 
same in all directions and equal to the hydrostatic 
pressure. This natural prestressing must also have 
been caused by cooling of rocks in geologic times. 
This is noticed in deep transalpine St. Gothard and 
Simplon tunnels and also indeep mines. Therefore it 
is assumed that the rock pressure is uniformly and 
hydrostatically distributed and the drilling, blasting 
and excavation ofa tunnel disturb this pressure distri- 
bution. 


The stresses in the wall rocks decrease rapidly away 
from the tunnel line. As the distance increases the 
radial stress decreases. The walls do not fail until the 
circumferential stress becomes equal to the uncon- 
fined compressive strength of the rock. It is stated 
that in rocks that are not subjected to tectonic forces 
the circumferential stress does not exceed approxi- 
mately twice the overburden pressure, as such failure 
by crushing may oceur only at considerable depth. 
When a deep tunnel in a homogeneous rock is filled 
witn water the rock tends to revert to the original 
state of uniform pressure distribution. But the rocks 
are commonly heterogenous and pressure conduits 
are not very deep. As such an adequate safety factor 
for the water pressureshould be adapted in the design 
taking into account the depth of overburden, so that 
the tangential stresses produced by the water pressure 
will be easily absorbed by the prestressed rock without 
tensile stresses being produced. Here lack of homo- 
geneity, metamorphism, cleavages, joints, faults, 
microseisms and creep are the influencing factors and 
to enable the water pressure to be transferred safely to 
the rock from the lining complete contact must be 
established between the lining and the rock point to 
point by grouting. It is emphasised that a thorough 
grouting is necessary to ensure an even distribution of 
the pressure. : 


However, modern designers of pressure conduits 
with an adequate knowledge of the geological con- 
ditions and physical character of rocks rely on the 
ability of rocks to absorb strains and stresses. 


Elasticity 
Elasticity in rocks is invaluable in calculating the 
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effect of loading. The ability of a rock to withstand 
pressure or load depends more on its modulus of elas- 
ticity that on its crushing strength. The modulus of 
elasticity depends on the rock typeand quality, as well 
as on the direction of pressure. It is found that it is 
smaller in the direction normal to the strata than 
parallel to it, and vary considerably from granite to 
quartzite, sandstones and schists. Young’s modulus of 
elasticity in a rock may be determined in situ by seismic 
or accoustic methods which also helps detection of 
rock beds of diffierent cohesion and presence of cracks 
and fissures in them. 


If the local pressure is greater than the clastic limit 
plastic deformation occurs in rocks. The plastic defor- 
mation once started will continue until the stress dis- 
tribution is evened out or the rock is completely cru- 
shed and the tunnel collapses. On the other hand if 
the rocks were in a plastic equillibrium before excava- 
tion and completely constrained they begin to creep. 
If the plastic limit is long the creep is slow and if it 
is short, brisk movement will follw the release of 
the pressure. 


or 


Defects in Rocks 

Although modern design and equipment greatly 
assist economic excavation and construction of tunnels 
and shafts, the unpredictable forees of nature cause 
the same difficulties and damages as in the past. The 
defects in rocks that tend to control the pattern of 
breakage, reduce stability of rocks and safety in tunnel 
excavation are anisotropy, such as layering and foli- 
ation, folding, faulting and joining, as well as alter- 
ations, igneous intrusions and permeability. 


Anisotropy 

Igneous rocks like granite and other plutonic rocks, 
basalt and some massive or thick bedded sandstones 
and limestones as well as certain marbles and quartzit- 
es are isotropic and ease of tunnelling insuch rocks 
is the same in any direction as there will not be any 
preferred orientation of the constituent mineral grains. 
But most of the rocks possess directional structure due 
to parallel orientation of the mineral grain. In such 
cases the anisotropic nature of the rock is very import- 
ant as it willhavea direct bearing on the speed and cost 
of tunnel driving. Rocks with a well developed linear 
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or platy structure due to parallel orientation split 
easily along planes parallel to the layering and break 
with difficulty at right angles. These two comparati- 
vely easier and harder directions are known as ‘rift’ 
and ‘grain’ directions respectively. 


Foliation 

In the case of metamorphic rocks foliation is charac- 
teristic, as in gneiss and schists. Gneiss generally 
consist of alternating bands of grannular to platy and 
flaky minerals of different physical characters and 
strength. Schist although foliated is relatively 
homogenous being monomineralic, but not isotropic. 
However, foliated metamorphic rocks generally tend to 
split easily along foliation planes. In case of a tunnel 
driven across foliation in schistose rocks the walls, 
floor and the roof tend to become irregularand blocky 
and in the direction of foliation the rock tend to cave 
in from the roof. Blasting opens the formation along 
foliation and segments of rocks will be loosened and 
slide along the self-lubricating schistose material. 


Folding 

Folding and contortion in foliated and stratified 
rocks require careful consideration as a correct inter- 
pretation of them helps prediction of the attitude of 
the layers in different sections of the tunnel and if 
tne beds are jointed they affect the tunnelling opera- 
tions greatly explained in a later section. 


Faults and fractures 

Most rocks are characterised by incipient fractures 
and cleavages due to compressive stresses. These 
are to be carefully considered as a guide to break the 
rock. Fracture in rocks along which there has been 
some differential movement is calledafault. A fault 
may be very narrow and sharply defined open fissure 
or it may be filled up with gouge or crushed rock. 
Faults are the common trouble and a major cause of 
bad caving ground in tunnels. They are also planes of 
release of earth strains. Displacement of beds is comm- 
on and frequent as many faults are dormant and 
become all of a sudden active when the overlying load 
is great or the area subjected to earth tremors or 
during excavation facilitating attainment or equili- 
brium by complete displacement of the faulted block. 
Swelling results from pressure in fault zones charac- 
terised by crushed and ground uprock. Further fault 
fissures generally carry considerable water. (If fault 
zones are unavoidable in the alignment and if they are 
predicted prior to design the tunnel should be located 
at right angles or nearly so to the fault plane to 
minimise the amount of diffiicult operation.) 


Joints 

Joints are the natural divisional planes in rocks of 
all kinds along which there has not been any appre- 
ciable movement. They intersect usually in systems 
and are open at the surface and nearly tight at depths. 
Joints are produced in rocks due to compression, 
expansion, contraction or other mechanical causes, 
and also due to fracturing in response to deformation 
by stresses accompanying movement in the outer 
part of the earth’s crust. Joint systems cut up rocks 
into blocks or sheets of various sizes and the rock 
loads depend chiefly on the spacing and orientation 
of joint planes. If the rocks have beén subjected to 
intense compression joints will be highly irregular 
and blasting shatters the rocks into pieces. 





Lack of knowledge of the pattern and depth of 
joints, fractures and fissures leads to the uncer- 
tainty of efficient grouting. 


Alteration 

Alteration in rock affect the tunnelling operations 
seriously. Alteration is responsible to hign tempara- 
tures, air slaking and swelling and also noxious gases 
in tunnels. The felspars, anhydrite and iron pyrites are 
the common minerals in rocks which undergo alteration 
readily leading to the above hazards. It is more prono- 
unced in and near the zones of intense jointing or 
faulting where groundwater or altering solution 
percolates. The amount of alteration is controlled 
by the grain size of the rock. Coarse grained rocks 
alter more rapidly on hydration and swelling results. 
Felspars alter to micaceous or clayee minerals and 
fine grained silica leading to squeezing and running 
conditions. In such cases the tunnel cross section is 
reduced by the plastic flow. The plasticity increases 
with water content. Rocks containing anhydrite 
when exposed for a short time begin to swell and get 
converted eventually into a sticky plastic mass of 
clay minerals. 


Igneous intrusions 

Igneous intrusions such as sills and dikes are 
troublesome features. They may be hard and resist 
alteration thereby causing difficulty in excavation, or 
they may be susceptible to alteration by chemical 
reactions or by simple hydration like highly acidic 
rocks containing much felspar, and tend to produce 
on exposure sticky or plastic mud filling the tunnel. 


Permeability 

No rock is completely impermeable. Hydrostatic 
pressure is transmitted to long distances through small 
cracks, fissures, seams or through pore spaces. It is 
usual to close the pore spaces, cracks and seams by 
grouting. When these are closed, the hydrostatic pre- 
ssure tends to build to that corresponding to the 
groundwater table and eventually the water breaks 
through elsewhere and cause buckling or rupture of 
the lining. Therefore effective remedy to control water 
seepage and to relieve pressure is of great importance. 


Also local springs, and wet rock sirfaces in stratified 
and jointed rocks, lava tunnels in basalts and solution 
channels and caverns in limestones affect terribly the 
tunnel design and operations as unbalanced stresses 
exist in rocks close to such natural features. 


Factors determining Drillability, 
Overbreak and Popping. 


Drillability 

Drillability is the ease or the difficulty with which 
rocks can be drilled. The texture, hardness and struc- 
ture of rock masses are the factors which determine 
the drillability. In many instances persons responsible 
for drilling operations are able from their experience 
to decide the type of drilling equipment and explosives 
to suit particular conditions as drilling methods and 
equipment depend largely on the nature and drillabi- 
lity of the rocks encountered. This is very important 
especially in pressure tunnels as the drilling and blast- 
ing greatly disturb the natural pressure distribution 
in rocks. 
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Face drilling allows the holes to be disposed so as to 
remove a central wedge of rock, ease out the bulk of 
the rock and finally trim round the perimeter of the 
profile. This produces in hard and isotropic rocks 
like granite and basalt or limestone a well shaped 
perimeter and a roughly shaped leading face in which 
the next round is drilled. A grannular rock of coarse 
texture where the impact of the cutting edges of the 
drill bit breaks off comparatively large particles may 
be more readily penetrated than one of a finer texture. 
Modern tunnelling technique demands good frag- 
mentation of rock. Brittleness in rocks is a good 
sign of easy drilling, but slaby, jointed, fissured or 
ruptured rock of variable character and hardness is 
the most troublesome material. 


By radial drilling a well shaped face may be expect- 
ed, but of a doubtful profile in a sound isotropic rock 
formation. But in bad anisotropic rock it often 
becomes impracticable as depending upon the tough- 
ness of the rock, holes charged blow irregular and 
uncontrollable section and result in undue overbreak 
or requires excessive trimming. 


The common rock formations, from the point of view 
of drillability, can be classified on the basis of hardness 
roughly into three groups. (Table. I.) 


TaBLe | 
| Igneous Granitic rocks, Dolerite, and 
Rocks Basalt. 


Sedimentary 


Hard Rocks 
| Metamorphic Quartzites, Gneiss 
| Rocks 
Igneous Altered igneous rocks, Dunite, 
Andesite, Dacite & Glassy vol- 


| Rocks 
canics. 


Medium | Sedimentary Rocks Limestones, Sandstones. 


Marble, Slates & Crystalline 


Metamorphic Rocks 
Schists. 


Altered and disintegrated rocks, 
anhydrite, gypsum, shale, sand- 
stone, clay-stone iron ores, coal 
& serpentine 


Soft 


Drillability is also influenced by compressive 
strength, toughness and abrasive value of the rocks. 
(Table. IT.) 

TaBce II. 


Tons/sq.in 





Compressive Toughness Abrasive 





streagth value 
Granite very abrasive 16 15 25 
Basalt trap hard and tough 25 26 14 
Limestone ll 4 15 
Sandstone : 12 6 16 





Overbreak 

Overbreak is largely a function of the type and 
physical conditions of rocks and therfore the estima- 
tion of overbreak demands an understanding of the 
behaviour of various types of rocks to be encountered 
inthe tunnel route. It is cumulative in effect and 
increases the unsupported surface areas of the tunnel 
leading to further overbreak and the cost of filling 
these is considerable. The chief cause of overbreak is 
the effect of explosives. It is also largely governed by 
the joint spacing and pattern. Closer the joint spacing 
the more pronounced is the overbreak. Coarse grained 
igneous rocks break closer to the perimeter fixed in the 
design than sedimentary or metamorphic rocks. 


Popping 

In case of rocks which are subjected to high static 
pressures prior to excavation, the additional stresses 
imposed by much excavation leads to development of 
new fractures causing slabs to fall from the arch. 
Popping is encountered commonly in hard and brittle 
rocks. Vibrations from the excavation also often 
cause rock falls. 


Tunnelling through typical 
Rock Formations 


It is simple to drive a tunnel through massive, hard 
and isotropic rocks as they excavate readily with limi- 
ted overbreak and stand without support. They are 
also almost impermeable. But with diminished 
hardness and consequent lower physical strength a 
wide variety of rock formations become less able to 
stand unsupported, overbreak is irregular and often 
much. Pockets of altered mass often contain ground- 
water. 


Tunnelling through homogeneous rocks 

The common rocks belonging to this cadre are the 
granitic rocks, basalt, marble and quartzite as well 
as massive beds of sandstone and limestone. 


a. Granite 

Granite may be fine grained, medium grained or coarse 
grained and grade from true granites to porphyritic 
varieties and often gneissic. Its dependability is 
governed by its texture, alteration of felspars and 
the accessory or the ferromagnesian minerals like 
biotite or hornblende. Although granite is homogen- 
ous the orientation of biotite mica flakes in case of 
biotite-granite produces structural patterns and this 
leads to irregularly roofed excavation. On the other 
hand hornblende-granite is uniform in character and 
there fore it is atrue homogenous rock. However, the 
rift and grain directions and jointing govern a well 
shaped perimeter. (figure. 1 printed on a later page.) 
There is generally no pressure acting on the tunnel 
sides or on the roof in granite and other plutonic 
isotropic igneous rocks. Since these rocks occur as 
accolites and batholiths covering wide space it is possi- 
ble to locate shafts and power in the same formation 


safely. 


b. Trap (Basalt) 

Basalt is best suited for tunnelling as well as housing 
turbines and transformers. It is a basic volcanic igne- 
ous rock and consistently homogeneous. It occurs 
commonly over extensive areas often with a pseudo- 
stratification like the Deccan Traps, which occur 
over 200,000 sq. miles with an average thickness 
of 25 to 2500 ft., the individual shorizontal 
beds varying in thickness from a few inches 





: 
: 
“ 
' 
: 
: 
; 
. 
3 
+ 
é 
| 
3 
H 
py 
F3 
' 
4 
i 





8 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


to several feet, in western and central India. The 
remarkable features of basalt from the point of view 
of tunnelling are its wide extension, homogeniety and 
drillability as well as resistance to alteration. 


The sound ancient cave temples, over 2000 years 
old, hewn out of basalt in western and central India as 
at Ajanta or Ellora for instance, often very long and. 
wide with a considerable overburden, practically 
unlined remarkably illustrates the ease of excavation 
and safety of tunnels and chambers in basalt. 


But the chief defects in basalt are vesicular struc- 
ture, columnar jointing andsubteranean lava tunnels. 
These are to the carefully investigated and the route 
and power house must be skillfully located. 


C. Marbles and Quartzites 

Generally these do not occur extensively. Marble 
and quartzites may be massive or bedded. Marble is 
easy to excavate and quartzite although isotropic it 
is brittle and drilling causes shattering which results in 
much overbreak and popping. 


D. Sandstones and Limestones 

Occasionally massive beds of sandstone and lime- 
stones may be traversed by a long tunnel. These 
also can be penetrated with the same advantage as 
granite or basalt. 


Tunnelling through stratified formations 

Stratified formations are extremely anisotropic. 
Complicated troubles arise due to varied nature of the 
strata. The chief rock formations among stratified or 
sedimentary formations which are hard and through 
which tunnelling is practicable are limestone, dolomite 
and sandstone. These occur almost always highly 
bedded with varying thickness and exhibit variety of 
structures. They may be porous and commonly are 
intercalated with soft shale, anhydrite and slippery 
schists. In addition they are traversed by two sets 
of well developed mutually perpendicular joints nor- 
mal to the bedding planes. The pattern of ground- 
water levels and flows in them will be exceedingly 
complex due to layering, jointing and faulting. 
Tunnels through limestones are likely to encounter 
underground caverns, caves, solution cavities and 
channels. The excavation and stability of the strati- 
fied rocks are highly influenced by the trend and dip 
of the beds. 


a. Tunnels in horizontal strata 

In case of horizontal strata excavation is easy and 
overbreak is confined only to the iatercalated soft 
beds if any, and even those in many instances will be 
intact between harder beds. When the beds are tra- 
versed with joints spaced farther apart than the width 
of the tunnel the hard horizontal beds act as solid 
beams subject only to bending moment (fig. 2.). It 
is determined that the bending moment is less in 
hard limestones, sandstones and greater in shales 
mudstones and marl. Excavation, however, in cases 
of interbedded shales will be associated with a gradual 
compression of the rocks on both the sides involving 
a downward movement of the roof. If the bending 
moment is less than the flextural strength of the rock 
the roof is stable ; if it is greater the roof requires 
immediate support. 


b. Tunnelling in vertical strata 

In case of steeply dipping or vertical strata where 
the tunnel line is normal to the strike of the beds, the 
load on the tunnel depends chiefly on the transverse 
joints and there is less danger for the tunnel as the 
friction between the jointed surfaces will be greater 
than the weight of the blocks. On the otherhand, if 
the tunnel line is parallel to the strike of the beds the 
tunnel will be subjected to much danger and damage 
as the beds will be supported only by the friction of 
the sides and the contacts act as lines of shear as a 
result of excavation, due to distinct extra loads. As 
such the beds tend to slide down. (fig. 3.) 


c. Tunnelling in inclined strata 

Tunnels in inclined strata meet different conditions 
depending upon the direction of the tunnel line with 
reference to the dip of the strata. If the tunnel is to 
be driven in the direction of the dip it encounters a 
series of rock types of varying character and thickness. 
As a result overbreak is highly irregular and may be 
enormous. (fig. 4). It is greater for soft rocks and 
lesser for hard rocks and this tend to produce an irre- 
gularly peaked roof and the jointed blocks slide 
into the tunnel along the bedding planes which form 
lines of shear. (fig. 5). On the otherhand if the tunnel 
is to be driven parallel to the strike of the beds 
depending upon the attitude of the beds, or 
location of the route, a single suitable bed of 
sufficient hardness and thickness throughout the 
length like a sandstone or limestone may be en- 
countered which is very easy to excavate as it stands 
without support, or a series of thinly bedded rocks 
may be encountered when, if conditions permit, alter- 
nate beds may be chosen in such a way that they form 
the stable roof and compact floor. 


d. Tunnelling in folded strata 

Folded beds present complicated troubles in tunnel 
and shaft design and construction. In folded strata 
the beds in the anticlinal arches (crest) and synclinal 
troughs are thicker and the limbs are thinner. The 
rocks in the inner part of the arch and trough of the 
folds are either crushed or tightly compressed. As a 
result the crest of the anticlinal fold will be under 
tension resulting in the development of cracks. This 
leads to the breaking of the beds in the folded strata 
into a series of blocks resembling normal self support- 
ing keystones. These blocks distribute the pressure 
in a safe limit throughout the strata avoiding any 
slipping on excavation (fig. 6.). In case of synclinal 
folding either parallel or normal to the axis serious 
water trouble and rock fall are encountered. 
The synclinal beds hold water in intercalated porous 
beds under sufficient hydraulic pressure due to ideal 
artesian conditons which necessitates pumping or 
proper drainage during construction of shafts. Further 
the jointed blocks tend to form inverted keystones in 
the tunnel route and there will be an influx of ground- 
water. Thus the folded beds require immediate and 
rigid support. (fig. 7.) 


It is important to note in this connection that 
rupture of the lining may occur later and the rock may 
be washed out at the transit from a sound cohesive 
rock to a fissured rock causing unforeseen trouble in 
the conduit and power house. Therefore in the above 
cases it is extremely important to meet the conditions 
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efficiently by creating artificially radially symmetrical 
conditions in the rocks. 


Tunnelling through schistose rocks 

Hornblend2 and chlorite schists are considerably 
harder and stable whereas tale, mica and altered 
schists are very soft and earthy and tend to cave in 
from the roof. If the tunnel is driven across the folia- 
tion in schistose rocks the roof requires immediate 
support as the bending moment is greater than the 
flextural strength. 


Underground Power House 

The position of the power house is largely governed 
by topography and the local conditions greatly in- 
fluence the design. The volume of excavation in many 
instances determines the adaption of different types of 
turbines. The ease or the difficulty of excavation of 
power house chamber underground depends on the 
type, extent, strength and stability of the rocks and 
on the groundwater conditions. The most suitable 
desiga of the power house would be with its longitu- 
dinal axis perpendicular to the strike of the beds. 
Lining of the chamber is not necessary if it is hewn in 
hard and massive granite or basalt. Care should be 
take ) in the laycut « f the power house where transfor- 
mers are to be located in seperate vaults or where 
there are many tunnels such as access, relief, haulage 
etc., as well as natural caves and channels to avoid 
high stress concentration in the rock as additional 
stress due to excavation in such conditions cause ex- 
cessive popping. Due consideration must be given to 
protect the power house from seepage and it is desira- 
ble to support the rock at the roof suitably. Special 
reinforced walls and floor are to be built for the stabi- 
lity of the excavation if rock pressure is expected to 
develop. A thumb rule for the overburden (rock cover) 
abovea power house excavationis that it should be twice 
the width of the excavation, with a minimum of 30 to 
35 ft. However this must be increased considerably 
apart from technical considerations in order to protect 
the power house against heavy bomb attacks. 


Tunnel Hazards 
The unpredicted sources of trouble, delay and ex- 
pense in tunnel construction are known as Tunnel 
Hazards. The hazards are due to departure in the 
normal behaviour of rocks and earth. 


Swelling of beds 

Hydration involves expansion of rocks en masse like 
shales, as well as the constituent or intercalated 
minerals like anhydrite and gypsum. The rocks and 
minerals so affected do not always have room to ex- 
pand and therefore will be under strain. During ex- 
cavation when they are exposed to air they crumble ra- 
pidly or cause swelling or heaving ground in tunnels in 
response to the release of the confining pressure. It 
is stated that pressures as high as 20 tons per square 
foot have been recorded in swelling ground. 


High temperatures 

High temparatures are encountered in tunnels due 
to oxidation of iron pyrites and marcasite minerals in 
rocks. Tunnels in pyritiferous shale are often extreme- 
ly hot. 


Noxious and explosive gases 
Tunnels in coal bearing shales as well as pyriti- 


ferous rocks encounter poisonous and explosive gases 
like hydrogen sulphide, methane and other natural 
gases. These can be minimised by efficient ventilation 
and sealing off the particular beds. 


Silicosis 

The pathological aspects of silicosis is not accepted 
by all leading authorities. However, increased atten- 
tion is paid to the prevention of silicosis. It is generally 
recognised that the inhalation of fine particles of 
silica bearing rock is the prime cause of the 
desease. As rock is drilled by facturing the atmos- 
phere in the working place soon becomes full of dust 
which is very barmful unless steps are taken to sup- 
press it. 


Conclusion 

The installation and successful operation of an 
underground power station depend much on the geolo- 
gical formations and hydraulic conditions of the site 
and the forces produced by them. The difficulties 
encountered due to geological complications and 
groundwater condition which affect tunnel and power 
house excavation and successful errection of lining are 
discussed. Problems arising from rock deformation 
due to excavation are outlined. 


At present underground power stations are common 
in Europe, U.S.A. and Canada, the Scandinavian 
being classic. The Sudagai power station hewn in 
Liparite is the first underground - power station in 
Japan. They are not speculative in India. Maithon 
power station is the first such in service. The under: 
ground power house in Konar project, Damodar valley, 
will have probably the world’s longest over seven 
milestail race tunnel. Power houses in Koyna and 
Sharavati projects are other examples. Itis advised by 
leading authorities to locate power houses underground 
when the hydropowers of the Himalayas are harnessed. 


Geological complications are limitless. Future deve- 
lopments of underground hydropower stations in- 
volve larger diameter conduits and suitable linings. 
The in situ behaviour of rocks is not yet full under- 
stood and the interaction between lining and rocks 
is not determined satisfactorily. Engineers now re- 
cognize and admit that careful investigations and 
proper interpretation of the geologic conditions prior 
to final location and design, and routine geologic ins- 
pection of the work during construction will afford a 
greater assurance of success and that progress can be 
made in the design and development of underground 
hydropower stations by an exchange of geologic 
knowledge and expert advise. 
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of the two water turbine generating sets is shown above. 
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Mysore Session of Central 
Board of Irrigation and Power 





By BALESHWAR NATH 


Secretary, Central Board of Irrigation and Power 


From the sweltering 
July-heat of the plains 
in Northern and Coastal 
India, a sojourn in 
the State of Mysore 
with its pleasant clima- 
te, afforded a very 
likeable escape. Besides, 
Mysore is an unique 
State moulded by a 
succession of engineers, 
statesmen and scientists 
into a pattern of multi- 
facel progress, with 
harmonious blending of 
all the different phases 
of development. Its first 
hydroelectric undertak- 
ing at Siva-Samudram 
was launched as early | 





Message 


I was keenly looking forward to visiting Mysore and 
taking part in the deliberations of the 27th Annual 
Research Session of the Central Board of Irrigationand 
Power, but due to certain pressing engagements, it is 
not possible for me to be with you personally on this 
occasion. 


The Central Board of Irrigation and Power is al- 
ready well-known for the good work that it has done. 
Its Research Programme is indeed an important and 
constructive part of its activities and I have every 
hope that the meeting of research workers from all 
over India and the adjoining countries and the Techni- 
cal Heads of different States for joint collaboration 
and exchange of ideas will yield fruitful results, not 
only to the Engineers, but to the nation as a whole. 
Every step towards advancement in the field of [rri- 
gation and Power is a step towards betterment of the 
living conditions of the masses of our own and the 


| 








| Indians as early as 
| second century B.C. But 


liabilities of water re- 
sources have increased 
manyfold since. There is 
now need for reasearch 
and study of all as- 
pects of water and its 
utilisation for human 
needs. He drew the 
attention of engineers to 
ecological aspect of large 


engineering schemes 
and pleaded for main- 
taining a balance of 


nature in area; likely 
to come under great- 
river valley projects. 
which affects man and 


animal alike. He further 


as 1902, with one of | 
the longest high voltage 
transmission lines of 
the world in those | 
days. In aesthetic deve- | 
lopment of tne town 


success, 


Dated the 1ith July, 1957. 





and eve of its natural surroundings, Mysore has given 
a lead to the country in many ways. It was therefore, 
a long sought-for venue for holding a session of the 
Central Board of Irrgation and Power. An invita- 
tion from Mysore Government to that effect was 
accordingly most acceptable. 


The rendezvous for the Session was Craworfd Hall 
in the University premises, with the Chamundeshwari 
ever overlooking its pleasant surroundings. The session 
was inaugurated by His Highness Sri Jayachannraja 
Wadiyar, Governor of Mysore on July 19, 1957. 
After welcoming the Members of the Board aad 
Delegates from different parts of India along with 
representatives from many world organisations like 
the ECAFE, International Commisson on Large Dams, 
and Technical Cooperation Mission, ne said that water 
is literally and figuratively the giver of life and the 
giver of light. The nature of life is concealed in 
miracle of water. It arises from it and is sustained by 
it. Tracing the history of irrigation, he pointed out 
that India and China were among the first nations of 
th> world t» build wells, reservoirs, dams and canals. 
Irrigation and flood control works were built by 


neighbouring countries. I sincerely wish you every 


made a special mention 
| for a study of glacier 
| recession in the Hima- 
| layas and for a better 
understanding of the 
nature and behaviour of 


S. K. PATIL 
Minister 
Irrigation & Power 


our Himalayan rivers. Successf.l realisation of the 
second Five Year Plan, he added, would depend upon 
the efforts of engineers, and he expressed a hope that 
the engineers will shoulder this great responsibility 
with confidence and determination. 


Experimental Research 

Mr. U. N. Mahida, President of the Board in his 
address narrated the development and activities of the 
Central Board of Irrigation and Power. He said that 
the Board for the past three decades has maintained 
a high standard ofdiscussion and has brought out 
valuable technical publications, which are used exten- 
sively in this country as well as abroad. While annual 
meetings of the Board bring together technical heads 
of all the Member States once a year and help evalua- 
tion and cc-ordination on an all India basis, the ex- 
perience gained in the even progeessive field of Irri- 
gation and Power the Research Sessions like the one 
held at Mysore, are arranged specially for the benefit 
of research workers, who can find in such meetings a 
forum for free and healthy exchange of thought and 
ideas and for comparison of the results of their experi- 
ences, in experimental research. This in its turn, helps 
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Chief Minister of Mysore 


Shri Nijalingappa in a lively conversation 
with the author and some foreiga delagates at 
Krishnarajsager 


the Central Board of Irrigation and Power to evolve 
healthy codes of design aa‘l constrnction and formulate 
theories, which are of universal application. He also 
pointed out that sufficient liaison did not exist be- 
tween the universities, technical institutions and 
departmental research stations. The facilities available 
at most of the Research Stations in the country are the 
best. Most of the Research Directors are the able men 
in their respective fields of work, and can confidently 
be recognised by the Universities as competent to 
tutor and supervise the post-graduate work. Such 
a recognition, he said, would give a lead to the develop- 
ment of this important applied science whica depends 
so much on field experience and experiments. He 
further observed that besides the specific problems 
being studied by various Research Stations in the 
country, basic and fundamental researcn is also being 
pursued in the field of hydraulic engineering. The 
Central Board of Irrigation and Power has initiated 
action thereon, and a plan to start work on a dozen 
fundamental problems has been set in motion. Ade- 
quate provision nas been made fcr this in the Second 
Five Year Plan. He pointed out that organised rea- 
search in the field of Irrigation and Power is a pressing 
necessity. As a result of the activities of the Board, 
it is no longer a promise but an achieved reality. Not 
only all-India coordination is being achieved, but 
through the technical publications or the Board and 
its collaboration with Research Stations in other coun- 
tries, efforts are being mad2 to participate in world 
wide research in th2 field of irrigation and power. 


Utilisation of Irrigation Supply — 

Tne high light of the techaical discussions that 
followed the inauguration was the Symposium on 
Economic and Optimum Utilisation of Irrigacion 
Supplies. This subject is of great national importance. 
Numerous papers were received from different parts of 
the country, including reports from many agricultural 
and irrigation organisations. They dwelt on different 
aspeces of the problem and suggested improvements 
in irrigation systems, agro-irrigational methods, in the 
rate structure of irrigation revenues and referred to 
the changed socio-economic conditions which have a 
great bearing on the subject. It was implied that 
effective steps must be taken to educate the 
users of irrigation supplies in agro-irrigational practi- 


ces and in application of scientific knowledge and 
meteorological observations for proper planning of 
irrigation of crops. New methods like spray irrigation 
and sub-surface irrigation lead to economy on the 
use of water and need to be considered for introduc- 
tion, wherever possible. The farmers should be educa- 
ted in the art of dry farming, water harvesting and 
recharging the sub-soil base from natural precipitation, 
as is done in water scarcity areas in other countries. 


In the general report presented on this important 
subject by the Secretary, Central Board of Irrigation 
and Power, Shri Baleshwar Nath, it was observed that 
in almost all State-managed Irrigation systems of 
of India, there is withdrawal of State management at 
a stage, where actual irrigation commences in the 
field. In other words, irrigation engineers are mostly 
responsibile for extraction or diversion of water from 
natural resources, conv+ying it through artificial 
channels to irrigable areas and finally delivering it to 
the cultivator at outlet head. The Agricultural 
Departments are also not adequately burdened with 
the responsibility of proper and economic utilisation of 
supplies, after they are delivered at outlet heads. 
Viewing from a detached angle, irrigation supplies 
are thus passed from an expert to a layman domain, 
to be eventually subjected to at-random consumption. 
Many eminent engineers and agriculturists including 
Shri Kanwar Sain, Chairman, Central Water and 
Power Commission, Shri Kalmakar, Additional Agri- 
cultural Commissioner to the Government of India 
and Shri Manida, President of the C.B.I. and P. took 
part in the discussions. Utilisation of the existing 
irrigation supplies, as have become available on the 
completion of some of vhe river valley projects came 
under active consid2ration of the Board. 


It was felt that it amounted to waste of national 
assets, if water available through storage is not sub- 
jected to maximum utility as early as possible. A 
Sub-Committee consisting some of the top experts of 
the country was appointed by the Board to consider 
over this important question and to formulate recom- 
mendations, such as can be forwarded for implementa- 
tion to the Government of India and to tne State 
Governments. 


On many problems of research very interesting and 
active discussion took place. The subject of scale effect 
on the pattern and magnitude of scour down stream of 





His Highness Sri Jayachannraja Wadiyar, Governor 
of Mysore inaugurating the session. 
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A view of the gathering 


hydraulic structures invoked considerable interest. 
While discussing the subject of silting in relation to 
model of Hirakud lake, some of the members pointed 
out that choice of vertical distortion scale and the 
method of injection of suspended silt material con- 
forming to that of the prototype, both need careful 
consideration of many a governing feature of the 
work. Such studies are not likely to be fruitful, un- 
less they are conducted with due regard to dynamic 
similarity as well as time cycle similitude. Shri 
Kanwar Sain pointed out that Hirakud Project was 
mainly a flood control project. It was designed to 
have flood absorptioe capacity of 40 feet at FRL of 
the Lake. As it has been provided with a series of 
deep sluices at the bed of the river for regulation pur- 
poses, it was an ideal site for study of si!t problems and 
sluicing effects. Behaviour of Yamuna river in the 
capital town of Delhi, which causes concern almost 
every rainy season was discussed in its different 
aspects. The problem of concentrating the main 
flow of the river in the centre of the Railway bridge, 
of checking erosion of the pump house and of cons- 
truction of marginal bunds in long length brought 
forth many a divergent view. The discussions, however 
indicated that the subject needed study in a com- 
prehensive manner taking into consideration all as- 
pects of tne proplem including that of constructing 
a barrage at Okhla, the head works of Agra Canals. 
Of the forty-five papers that were discussed during 
the 3 day session, those of specific importance per- 
tained to dissipation of energy below hydraulic works, 
behaviour of hydraulic structures under different dyna- 
mic conditions, statistical analysis of floods and their 
occurrences, reduction of evaporation from reservoirs, 
chemical stabilisation and weed control, soil conserva- 
tion and classification and economic use of materials 
like cement and steel etc. On the power side the ques- 


at the inaugural session 


tions of high voltage transmission lines vis-a-vis the 
existing telephone communication lines came under 
discussion. Another interesting paper was presented on 
the question of transformer oils, which is a subject 
of great concern in mainténance of rural electrifica- 
tion transmission net-works. 


In the midst of long technical discussions on sub- 
jects of gravest importance to the profession of en- 
gineering in general, and to hydraulic and hydro-ele- 
ctric engineering in particular, very likeable breaks 
were provided through social functions arranged at 
Mysore and Krishnarajasagar. Incidentally the session 
concided with the birthday celebration of the Maha- 
raja. The palace was illuminated in an unparalleled 
style literally high lighting, the periphery and 
architectural features of the building magnificiently. 
The spectacle was strikingly fascinating as viewed 
from over the Chamundi Hills. A more picturesque 
view could hardly be found anywhere else in the world. 
The delegates had an occasion to see these illumina- 
tions. The Maharaja of Mysore was also at home to 
the delegates at Lalitha Mahal, which is comparatively 
a modern building with an unique example of prudent 
siting and arenitectural excellence. On one of the 
evenings, a function was arranged at Krishnaraja- 
sagar, where the Chief Minister of Mysore Shri Nijali- 
ngappa invited the visiting engineers and delegates to 
tea. The Brindhavan Gardens were lit up gorgeo- 
usly. In the cool and clear atmosphere of that rairy 
land of fountains the function not only proved highly 
enjoyable. but provided an excellent opportunity 
to the delegates of meeting and discoursing with 
the Chief Minister and other hign dignitories of 
Mysore State. Views were exchanged between people 
who are engaged on concrete jops, on many a sub- 
ject pertaining to the various phases of development of 

[ Continued on page 22 














Evaporation loss in Damodar Valley: 


A Statistical Analysis 





By KESAB CHANDRA MAJUMDAR, M.Sc, D. Pril 


Regional Meteorological Centre, Calcutta. 


Evaporation has its great significance not only in 
hydrological conditions of the catchments but also in 
reservoir operation for flood control. Thus while 
evaporation is the main agent for supplying moisture 
for precipitation (Foster'), it is on the other hand a 
<letermining factor of the reservoir water being the 
difference between the run-off from the drainage 
area plus the rainfall on the reservoir surface, less 
the evaporation from such surface plus other losses 
due to percolation etc. (Mead*). A somewhat detailed 
study of the evaporation in India’s one of the most 
vital flood control areas viz. Damodar valley, is there- 





fore considered essential, as about four to six years’ 

data for six stations in the valley are now available. 

Sen’ has recently studied the climatic and geographic 

variation of evaporation in Damodar basin including 

lower reach and its general relation with rainfall based 

on only one year’s data. Present paper attempts to 

correlate the monthly evaporation over the: Valley: 
with other meteorological factors and study’ its 

general variation and spatial distribution over the 
valley. A map of the valley giving the positions 
of the various hydrometeorological stations together: 
with the topography is shown in fiugre 1. 


Fig. 1.—Map showing the catchments of Damodar and Barakar rivers with their to raphy. The 
positions of raingauge stations in these catchments are shown by numbers. Numbers Sabin Toiieuns 
indicate positions ot Piche Evaporimeter stations, the names of which are given below : 

Names : Damodar Catchment (1) Hazaribagh (3) Bokora (4) Dhanbad (11) Ramgarh (14) Panchet Hill. 


Barakar Catchment (2) Barhi. 


- 
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Variation of the Evaporation less owing to high humidity of the monsoon air. The 

The climatic variation of the evaporation together daily fluctuation of the evaporation is significant 
with its year to year variation has been studied by an during March to June and almost insignificant during 
analysis of variance test+, the result of whichis given August and September, the remaining months having 
in table I. It is from this table that for each station some intermediate values. 


——— 


TABLE | 
Results of analysis of variance test for variation of evaporation at different stations in D.V. area 











Station Source of variation Sum of Squares Degrees of Mean F 
(8.8) Free dom SS. 
Between months 1,26154 il 0.1147 74.6* 
Barhi Between years 0.09280 3 0.000933 1.65 
Residual 0.05076 33 0.001538 
Total 1.31519 47 (4 years’ data) 
Between months 0.68358 11 9.06214 52.2% 
Ramgarh Between years 0.00677 3 0.000263 4,52 
Residua! 0.03936 33 0.00119 
Total 0.72373 47 (4 vears’ data) 
Between months 1.16376 11 0.10579 59.3* 
Hazaribagh Between years 0.00067 3 0.000223 7.99 
Residual 0.05885 33 0.001783 
Total 1.22322 47 (4 years’ data) 
Between months 0.90812 11 0.08256 42.3* 
Dhanbad Between years 0.00625 3 0.002083 1.07 
| Residual 0.06442 33 0.001952 
Total 0.97879 47 (4 years’ data) 
Between morths 1.3149 il 0.1195 89.4* 
Bokaro Between years 0.0190 . 0.0038 2.84 
Residual 9.0735 55 0.00134 
Total 1.4074 71 (6 years’ data) 








N.B. Analysis of variance test has not been performed for Panchet Hill as only two complete years’ data are available. The star 
indicate the F is significant at 0.1% level (Fisher & Yates) 


there is significant variation of the evaporation from 
month to month, while the monthly evaporation 
does not vary significantly from year to year from vol FIG.2-1 AVERAGE OF ALL STATIONS 


2 
4. 
the general monthly mean. } s Evaporation 
i F RAINFALL 


evaporation based on all the years considered will be 
a good estimate of the true value of the monthly 
evaporation and to study the month to month varia- SFM AMS TAS OND 

tion it will be enough if the analysis is based on these al Fi %2 — BOKARO FIG23 DHANBAD FIG 24 PANCHET HILL 
pooled averages. The average values of the different - 
month, evaporation are given in table II together ; 
with their maximum and minimum values recorded 


/ 
«luring the years under consideration The daily avera- 4 - 2 \ / ‘ 
\ sa nolmoai ys 


¢ - 


This suggests that pooled average of the monthly i / 








ge evaporation can be easily obtained from the month- / 

ly averages and so the extreme values of the dailyeva- ~*’}- La oan 

poration are only included in this table. ree OO SET Ea Bee Oem 
: 





The conclusions on climatic variation(variation from 
month to month) drawn frow table II and figure 2 in 
which average of monthly evaporation figures are 


plotted against the corresponding month, is practica- ’ / 
lly the same as those obtained by Sen’ based on only \ SE hie . 
one year’s data, as it should be in view of results dis- / \ f J 

cussed in previous para. It is found that-evaporation “4 Sat heel " * at 


oh FIG? 5 ~RAMGARH = FIG. 2 € ~— HAZARIBAGH FIG. 2-7 BARHI 








increases during March to May being highest either in TON ee A SRE ag si RB at cochlea ter ee te 
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| June, attains minimum valuein August or September, NG % — Rabibulo: 4 rionthly eovrralin (aowup value) af digest 
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during July to September are comparatively much fr eoreperding sewage rainfall ove. the wiley. 
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TABLE 2 


Average and extreme evaporation in inches 


BARHi 
Month Extreme daily Monthly evaporation 
evaporation 
Actul Esti- 
Max. Min. Max. Min. Av. mated 
value Av. 
value 

(1) (2) (3) (4) (5) (6) (1) (2) 
January 0.37 0.02 6.95 4.69 5.62 4.69 6.24 0.01 
February 0.52 0.04 9.55 649 8.04 6.96 0.43 0.03 
March 0.69 0.09 14.71 12.70 13.49 12.11) 0.75 0.07 
April 0.80 0.21 19.23 15.21 16.38 15.53 0.83 0.14 
May 0.91 0.21 18.46 15.25 17.00 16.43 6.78 0.12 
June 0.85 0.02 10.30 5.79 8.82 9.27 0.82 0.02 
July 0.36 0.01 4.08 2.12 2.85 3.62 0.26 0.01 
August 0.14 0.01 2.64 2.41 2.51 3.29 0.17 0.02 
September 0.16 0.03 3.01 2.54 2.70 3.53 0.19 0.02 
October O41 0.02 6.16 3.51 4.97 4.84 0.25 0,02 
November 0.33 0.02 6.74 5.11 6.06 5.60 10.24 0.02 
December 0.30 0.05 6.02 4.25 5.06 4.00 0.22 0.05 

DHANBAD 

January 0.47 O61 7.35 441 5.53 4.51 0.24 0.01 
February 0.70 0.04 10.64 6.79 7.91 7.48 0.33 0.01 
March 0.72 O11 13.03 8.44 11.35 11.77 0.61 0.06 
April 1.10 0.13 17.92 13.46 15.06 16.19 0.76 0.15 
May 0.72 9.13 14.90 12.92 13.76 14.21 0.58 0.11 
June 1.06 0.03 9.35 4.83 7.33 7.77 0.52 0.02 
July 0.27 0.01 3.36 2.15 2.66 3.10 0.21 0.01 
August 0.15 0.00 2.70 1.86 2.40 3.05 0.16 9.02 
September 0.17 0.02 2.78 2.26 2.51 3.24 0.13 0.01 
October 0.24 0.00 4.50 3.15 3.79 4.70 0.17 9.01 
November 0.39 4.01 6.13 4.39 5.05 5.08 0.21 0.02 
December 0.36 0.05 8.16 4.46 5.53 4.67 0.15 0.04 


Evaporation and Other Meteorological Elements 
From physical consideration various authors con- 
sidered mean temperature, mean vapour pressure, 
mean wind speed and dew point temperature to be the 
guiding factors in the variation of evaporation. 
Dalton® was the first to establish a good relation 
between monthly evaporation and vapour pressure. 
Meyer’ and Horton® introduced a wind correction 
factor in the empirical formula for monthly and daily 
evaporation respectively, while Rohwer* considered 
mean surface water temperature together with a 
vapour pressure and pressure term. 


Study of the dependence of evaporation on some of 
these factors has been made by plotting monthly 











BOKARO HAZARIBAGH 
3) @ @® © OQ @. @ @  @& -® 
5.03 3.40 4.16 3.76 0.31 0.01 6.238 4.19 5.04 4.61 
7.80 4.77 6.31 6.16 0.51 0.02 9.12 6.47 7.38 5.92 
12.13 8.70 10.79 10.78 6.77 0.09 13.69 10.94 12.60 11.07 
17.55 11.97 14.75 15.02 0.86 0.18 17.94 13.01 15.86 13.98 
17.05 10.34 13.55 14.86 0.86 0.13 16.65 11.57 15.06 14.18 
9.46 5.21 6.88 8.00 0.78 0.01 8.42 5.79 7.50 7.43 
3.74 2.00 2.86 3.00 0.27 0.01 3.12 1.77 2.63 2.63 
3.04 1.99 2.56 3.61 0.15 0.01 2.06 1.86 1.93 2.44 
3.57 2.20 2.85 3.66 0.14 6.01 2.37 1.85 2.03 2.53 
4.63 3.28 3.75 4.50 0.33 0.01 4.47 2.68 3.72 3.81 
4.66 3.45 4.16 3.76 0.30 0.01 5.53 3.88 4.72 3.95 
4.57 3.12 3.97 3.57 0.28 0.08 6.06 3.64 5.01 4.43 
RAMGARH PANCHET HILL 
4.80 3.06 3.80 3.45 9.20 0.03 6.01 4.93 5.47 4.62 
6.54 4.63 5.42 5.69 9.55 0.07 8.54 7.77 8.05 6.97 
12.14 8.43 10.04 10.26 0.91 0.13 16.41 16.33 16.37 14.66- 
13.71 9.58 12.38 14.00 1.16 0.27 23.22 18.42 21.17 19.26 
12.96 9.24 11.53 13.35 1.06 0.22 18.22 17.00 17.61 15.44 
7.08 5.12 6.99 842 0.77 0.05 7.96 6.00 6.88 7.34 
2.80 1.77 2.30 3.18 0.26 0.03 4.45 3.35 3.88 4.09 
2.11 1.81 2.00 3.15 0.21 0.03 3.59 2.76 3.11 3.90 
2.14 1.71 1.97 2.29 0.23 0.24 4.00 2.68 3.14 3.90 
3.54 1.92 2.82 3.67 0.31 0.03 5.06 3.95 4.57 4.90 
4.22 2.62 3.41 3.53 0.32 0.01 5.88 5.00 5.42 4.60 
4.20 2.91 3.32 3.29 0.32 0.03 5.37 4.89 5.02 4.04 





values of mean temperatures, T, in °F. mean vapour 
pressure difference, ey in millibars and mean wind 
speed, v in m. p. h. and monthly rainfall, R in inches 
against cach month. In figure3 some of these graphs 
have been reproduced for only one year for each station 
as the general trend of the graphs for the remaining 
years are practically identical except for rainfall. The 
mean temperature and the vapour pressure difference 
for the month are respectivly obtained by: 


T, =} (Mean maximum temperature+Mean mini- 
mum temperature) 
€g= O-—e, 
where e, is the saturation vapour pressure correspon- 
ding to the mean temperature, T, and e, has been 
taken to be the half the sum of mean vapour pressures. 
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at 0830 hrs. and 1730 hrs. IST in the absence of actual 
mean vapour pressure data. 


These graphs reveal that the evaporation is almost 
directly related with the vapour pressure difference, 
while its relation with mean temperature and mean 
wind speed, though significant, is not so contrasting as 
with vapour pressure difference. The graphs of evapura- 
tion and rainfall indicate negative correlation between 
these two elements as theoretically it should, but the 
maximum evaporation does not correspond with the 
minimum rainfall indicating that their joint variation 
is not uniform throughout the year. 


A scatter diagram (Fig. 4) is therefore obtained with 
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vapour pressure difference as abscissa and evaporation 
as ordinate based on data of all stations and all months 
and years. The most striking feature of the diagram is 
that it at. once suggests a linear relationship between 
these two factors as also expected from the graphical 
study. This is also supported by the correlation 
co-efficient (C. C.) between the monthly evaporation 
(total of daily values for the month), E and vapour 
ressure difference e,, which is as high as 0.952. A 
eae regression equation connecting E and e, will 
therefore suffice to predict evaporation with consider- 
ably high accuracy as this will explain more than 90% 


of the total variation of the eveporation. It has, how- 
ever, also been investigatcd if at all the introduction 
of the factor, (egv), as in Meyers’? formula will 
improve the above linear regression. Since mean 
temperature T, is already taken into consideration 
in calculating vapour pressure difference e; and 
owing to high C. C. between E and e, it is considered 
not worthwhile trying T, as an additional factor. 


Now the correlation cocfficients beween E and eg, 
E and (eyv), ey and (egy) are respectively fourd to be: 
"rE, @4) Ooo TR, egy) To o8T lea, ev) = 0-885: 


while the partial C. C. beween E end (e,v) after elimi- 


nating the influence of e, is found to be Tn, eav: €y) 


=0.183 which is insignificant. These results show that 
in a multiple regression between E,e, and (eyv) 
the contribution of the term with wind speed will be 
extremely negligible. Such an interesting behaviour 
of the wind speed may be due to the fact that the 
mean monthly wind speeds of the stations in the 
D. V. area are quite low, rarely exceeding 6 m. p. h. 
For places with high mean wind speed this factor is 
likely to yield significant contribution to the estima- 
tion of monthly evaporation. 


Relation between E, e, and v 

The results of the previous section is very striking 
in the sense that these not only establish that D. V. 
area is homogencous with respect to monthly eva- 
poration but at the same time indicate that only one 
empirical formula may be obtained with good number 
of data (and not necessarily many years’ data) to 
estimate monthly evaporation, from vapour pressure 
difference and wind speed in any month for any 
station in the D. V. area. 


The relations obtained by the least square method 
with N=271 monthly observations spread over four 
years (1952-1955) from the five stations, Ramgath, 
Barhi, Bokaro, Hazaribagh and Dhanbad and two 
years and seven months (June 1953 to 1955) from 
Panchet Hill are given below: 


E=—0.055-+0. 471 e, (1) 
with a multiple C. C. R=0. 952 


E=0.114+0.414 ey (1—0.268v) (2) 
with a multiple C. C. R=0.953 


where as already stated E=Monthly evaporation 
(total of daily values for the month) in inches and eg 
= Mean monthly vapour pressure diffe: ence in mbs, The 
multiple C. C. in both the equations are so high, as 
near as unity, that their test of significance for the 
test of goodness of fit isredundent. The first equation 
is of the same type as Dalton’s® whi'e the second 
equation is of the same form as Meyer’s? but is in 
no way an improvement over the first as is scen f ‘om 
the value of the multiple C. C.. So oaly equatin(1) 
will be used for further study. This equation has 
been represented by the str. ight line in figure 4 from 
which E may be easily read out for any value of e, 
for a station in D. V. area. 


Theoretically the first coefficient should have been 
zero. It is however extremely small in the equations 
obtained. This is due to the fact that neither T, nor 
e, used here in calculating the vapour proesure 
difference truely represents respectively the true mean 
temperature and true mean vapour pressure diffure.ce. 
95%, confidence limits for the esiimate of monthly 
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evaporation by equation (1) may be obtained by 
E,—1.96 ¥/V (E,), where V(E,), the variance of 
the estimated value, E, (by equation 1) of the 
evaporation is found by standard formula (see 
Fisher?) to be: 


V(E,) =0.0078 +-0.0009(e,-e,4)? (3) 


Obviously this is so low thatthe limiting values 
will not be very different from the estimated values. 


Spatial Distribution of the Monthly Evaporation in 
D. V. area 

At the very outset it will be examined whether equa- 
tion(1) can also be employed to estimate the mean of 
total monthly evaporation (averaged over several 
years) by using in it the mean vapour pressure 
dlifference obtained from the same number of years’ 
data. It may be mentioned that such mean data are 
not utilised in determining the two equations (1) & 
(2) which are based on the total monthly evaporation 
for each year and for each station. Accordingly the 
average values of the total monthly evaporation 
have been calculated for all the stations in D. V. 
area and recorded in column (6) of Table II. These 
are quite in good agreement with the actual average 
values of total evaporation showing that a good 
estimate of this can be obtained from equation(1). 
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Now since the data for only six stations in D. V. 
area are not sufficient for drawing evaporation con- 
tours to study the spatial distribution of the monthly 
or annual evaporation in D. V. area, a few neigh- 
bouring stations have also been considered, for which 
mean vapour pressure difference data are available 
from the I. Met. D. climatological tables. In view of 
results in previous para mean monthly evaporation 
for these neigbouring stations are calculated from 
equation (1) under the consideration that this equation 
will also apply for the stations in the neighbourhood of 
D. V. area. Estimated values for Asansol thus 
obtained have actually found to agree with the actual 
monthly evaporation available for two years. 


The average monthly evaporation of the D. V. 
stations together with the estimated average monthly 
evaporation of the neighbouring stations are plotted 
on a map of D. V. area for each month separately. 
Isolines of vaporation are then drawn as in figure 5.1 
to 5.12 which give the spatial distribution of the 
average monthly evaporation over D. V. area. 


Evaporation for any other station or for a reservoir 
area may be picked up from the above mentioned 
diagrams by proper interpolation or by planimetering 
the area as described later and this will give a suffi- 
ciently good idea of the average monthly evaporation 
of the station or the area concerned. 
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The main features of the spatial distribution of the 
evaporation as revealed by figures 5.1 to 5.12 will now 
be discussed. Evaporation in January is generally 
higher over central part of the D. V. area, while it 
does not vary by more than 2”. During February to 
May it is maximum over a small area near Panchet 
Hill and next higher values are over a small area near 
Barhi. In these months it fluctuates by 3”,8”, 11” and 
7” respectively. In June and July Ramgarh and neigh- 
bourhood is the zone of low evaporation, while the 
northwest part of the valley in June and northwest 
and northeast parts in July are the zones of high 
evaporation. Range of variation in these months is 
3” and 23” respectively. The spatial distribution of 
of evaporation in August and September is almost 
identical, the two central parts in western and eastern 
half of the valley having comparatively low evapora- 
tion than the remaining parts, the variation being 
almost insignificant with a range of about only 1’. 
In October evaporation is less over the central part 
of the western half of D. V. while it increases almost 
uniformly towards the remaining parts with a range 
of variation of about 2”. In November and December 
the situation is practically the reverse, evaporation 
being greater over an area covering Barhi and Dhanbad 
and gradually decreasing elsewhere. The range of 
variation is about 3” in November and 2” in December. 





“ me 


. 


From these figures and also from Table 3, it is also 
noticed that evaporation over the valley as a whole is 
maximum in April and then in May, and is least in 
August and September, while its fluctuation is highest 
in April and least in August and September. The 
fluctuation in the three principal monsoon months, 
July to September, is so low that the arithmetic mean 
of the evaporation of the available stations may be 
taken to represent the average evaporation at any 
place over the valley without any further considera- 
tion. 


Figure 5.13 gives the contour lines of annual evapo- 
ration, its spatial distribution being found to be almost 
similar to that in April. By weighting the mean evapo- 
ration between two contours (taken as one-half the 
sum of the two contour values) by the area between 
the contours obtained by planimeter, totalling these 
weighted values, and dividing by the total area of the 
valley, a weighted average (80.94”) for yearly evapora- 
tion for the valley has been obtained. Considering this 
weighted average as the true population value 
Student t-test (Fisher’’) has been applied to deter- 
mine whether the arithmetic average (82.85) of annual 
evaporation of the seven stations (including Asansol) 
is significantly different from the weighted value. 
The value of ‘‘t’’ obtained is 0.43 with 6 degrees of 
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freedom, which is not significant even at 10% level 
showing that the two average values for annual 
evaporation may be coasidered to be the same. 


Similar results are also obtained for monthly 
averages. These results are extremely useful as upper 
and lower limits can be set for the average values of 
the monthly and annual evaporaition for the valley 
assuming normal distribution of those of the seven 
stations. These average values together with the 
limiting values are given in Table 3. 


It is found from this table that the annual evapora- 
tion over D wmodar Valley is 6.9 ft. varying from 6.2 ft. 
to 7.6 ft. The estimate of the annual evaporation from 
the results of Raman and Satakopan" is about 5’, 
but their calculation of evaporation is based on 
Rohwer’s 9 empirical formula with slight modifica- 
tion by replacing mean surface water temperature 
by mean air temperature, while the result obtained 
here is based upon actual evaporation observation in 
D. V. area. Both thesetwo estimates of the annual 
evap?ration in D. V. area are greater than the average 
rainfall over the area. 


Evaporation and Rainfall 
Average monthly and annual rainfall over the valley 
are also given in Table 3, after calculating the same 
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from the most recent data for the last ten years. 
Average rainfall based on the data of recent 10 years, 
when the network of raingauge stations is far better 
than it was before, has been preferred to the values 
used by Paramanik and Rao ™ as it. has been found 
that the normal rainfall for February obtaincd by them 
differs substantially from that obtained here from the 
data of closer network of stations. The difference 
between the evaporation and rainfall is recorded in 
the last row of this table and also shown in Fig. 2.1. 
It is seen that net annual loss of water (evaporation 
minus rain) over the valley is quite enormous being 
about 3 ft. Evaporation is, in general, in excess of 
rainfall during January to May and October to 
December, excess being considerable (about 1 ft.) in 
March to May. During full monsoon months, July to 
September, the situation is just the reverse, rainfall 
being much higher than evaporation. In June the 
loss due to evaporation is fully compensated by the 
average rainfall over the valley. 


The excess of evaporation over rainfall apparently 
indicates that the reservoir may be completely dried 
up during the year or a particular month, but such 
a situation is never expected to arise as the reservoir 
water depends mainly on surface run-off. The results 
mentioned here however suggest that in estimating 
the reservoir water for the purpose of its operation 
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TABLE 3 


Average values of monthly and annual evaporation over Damodar Valley together with 95% confidence limits and the corresponding 


average rainfall figures (all in inches). 





Jan. Feb. March April May June July Aug. Sept. Oct Nov. Dec. Annual 





Average evaporation, F 4.90 6.98 12.19 15.61 14.19 7.27 2.95 2.51 2.76 4.02 4.91 4.62 82.85 


Limits of E 


Average rainfall, R 0.97 9.49 0.71 1.06 


+0.53 +0.84-+1.61 +2.07-+1.89 +0.62 +0.40-+0.34+0.45 +0.53 + .060 -+0.56 8.62 


1.97 7.61 13.64 11.44 8.30 2.24 0.64 0.08 47.96 


Diff. E—R 3.93 5.49 11.48 14.55 12.22 — ).34—10.69 —8.93—5.60 1.78 3.27 4.54 54.89 





and control due account of the evaporation loss need 
also be taken. 


Concluding R2marks 

The results obtained in this study for D. V. area 
are based on evaporation data measured with Piche 
Evaporime er: kept in Stevenson Screen. Free water 
evaporation from the reservoir surfaces may not be 
identical with Piche evaporation. But the general 
nature of the variation and distribution of the two 
types of evaporation over time and space and their 





nature of dependence on other meteorological ele- 
ments are not likely to be at all different as is evident 
from the fine consistancy of the results obtained. To 
obtain reservoir evaporation, it may be sufficient to 
multiply the Piche evaporation by a. suitable con- 
version coefficient which is to be determined from a 
comparative study of two types of evaporation. Such 
a study may be undertaken after the data for the two 
types of evaporation are made available for the same 
station. In the absence of any conversion coefficient, 
the average evaporation obtained in this paper is 
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expected to give a good guidance for all practical 
problems for the valley. 
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nels and shafts for underground power 

stations. Proc, L.C.E. Part. I..Vol. 4. March. 

1955. No. 2. 

A short report on the Boysen tunnel cons- 

truction. Jourl. Instt. Engrs. India Vol. 30. 

No. 4. June. 1950. 

5. Richardson & 

Mayo, 

6. Simn 


4. Maruthy. [.G. 


Practical Tunnel driving. McGraw Hill. 
Practical tunnelling—Crosby Lockwood & 
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8. Tattersa!, 
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Ward Investigations into the design of pressure 
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Proc.I.C.E. Part. 1., 
No. 4. 

9. Rock Drills—Holman Bros—Camborne—England. 
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Applied sedimentation-John Wiley & Sons. 
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C. Engineering geoloqy 
1. Blyth. F.G.H. A geology for engineers—Arnold. 
2. Fahlquist. 
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Am. Soc. C.E. Vol. 102. 1937. 
3. Fox, Sir Cyril 
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Mysore Session of Central Board of Irrigation and Power 


the country. Before leaving Mysore the delegates 
were also eatertained to a cultural programme. based 
on the traditional Karnatic School of music and 
dancing, which was highly appreciated. 


During their stay inthe mild and equable climate 
of Mysore State, the delegates visited different places 
of interest, including tne aewly completed project of 
Nugu Reservoir and the hydroelectric works at Siva- 
Samudram and Shimsa. The Gomateshvara statue et 


Sravanebelogola, the temples of Somnathpur, Hale- 
bid and Belur, the ancient town of Bellary, were 
visited by many parties from among the delegates. 
The occasion also afforded opportunity to a number of 
engineers for visiting the recently completed Tunga- 
bhadra Dam, which is a major project of modern 
India. Built in stone masonry, it is a remarkable 
achievement of Indian engineers and holds out 
promise of irrigation and prosperity to vast areas 
in Mysore and Andhra State. 


— -- —- — 




















Take Care of that Cable 


By J. B. SINCLAIR 
Service Department, Caterpillar Tractor Co. 


Cable is an expendable item which must be replaced 
frequently during the life of a machine. Many rupees 
can be saved each year by giving cable proper 
care and maintenance. 


Here’s what happens inside a cable as it bends when 
passing over a sheave and then straightens out while 
moving to the next sheave. The individual wires 
are performed in what might be thought of as a long 
spiral and twisted together into strands. The strands 
are twisted together into a rope. This construction 
permits great flexibility without excessive “stretchi- 
ness’’ and minimizes friction between wires as the 
cable bends and straightens. In operation, a cable is a 
group of closely fitted moving parts. 


Cable, like any other part of a machine, requires 
reasonable care. Its service life can be shortened by 
-abuse or lengthened by proper use and maintenance. 


It’s not at all uncommon to see a reel of cable rolled 
over an obstacle with the cable taking the brunt of the 
shock, or to see a pry bar being used to move a reel 
-of cable. Whenever this occurs, some of the life is 
taken out of the cable before it’s ever put to use. 


Sharp bends or kinks in a cable are very frequently 
the cause of rapid wear. When bent or kinked, the 
wires and strands are moved out of their relative posi- 
tions and unequal tensions are created on individual 
wires. 


Kinks are caused by careless handling of the cable 
either on or off of the machine. When unreeling or 
uncoiling cable from a reel, pull the cable straight 
away from a rotating reel. Do not let the reel rotate 
faster than the cable is being removed as the danger 
of kinking is increased considerably. When cable 
is removed from a reel which does not rotate, uncoil 
the length of cable required, placing one coil on top of 
the other. The cable can then be easily moved to the 
job site and installed without kinking. 


Here aré some other important facts to remember 
when installing new cable. Always be sure to use the 
correct cable size. Weld or otherwise bind the end of 
the strands of cable together. In this way, the strands 
are held in their relative positions and cable wear will 
not be excessive because of loose, high strands which 
have moved out of position. The strands of the cutoff 
-end of the reel should also be secured and the end of 


the cable secured to the reel. Do not drive uails 
through the cable to secure it to the reel as wires can 
be damaged or broken and the cable weakened. When 
installing new cable, assemble the cable on the drum 
in the direction of the natural coils. If installed cor- 
rectly the cable will have a greater tendency to reel 
on to the drum in a smooth layer. 


Keep cable clean and lubricated properly 

Proper lubrication of cables will extend cable life, 
promote safety and reduce downtime. The frequency 
of cable lubrication depends largely on operating 
conditions. If operating in dusty conditions, the 
cable should be lubricated sparingly, if at all, since 
dust will adhere to lubricant and cause wear on both 
cable and sheaves. Cable lubrication is recommended 
in areas where atmospheric conditions support rusting 
and corrosion. A film of lubricant will definitely 
extend cable life. 


To prevent rusting, cable lubricants should be water 
resistant, contain no acids or alkalies and have a high 
surface tension. Each time a cable is flexed, the wires 
in each strand and the strands which make up the 
cable must slide over each other. For this reason, a 
penetrating, clinging lubricant of high melting point 
such as ‘‘crater compounds” used for open gears and 
cables on shovels or cranes—should be used. In the 
event of an extended or seasonal shutdown, the cable 
should be cleaned and well lubricated. Sheaves and 
rollers should always be kept clean and well lubricated 
to facilitate free turning, and minimize sliding wear 
on the cables. 


Avoid cable strain by proper operation and daily 
inspection 
Properly maintained equipment means extended 
life for all parts concerned. Inspections to determine 
operating conditions and the replacement of worn or 
broken parts is economy and not a waste of time or 
money. 


The operation and maintenance of cable controllcd 
equipment determines, to a large extent, the life of a 
cable. Misaligned sheaves, bad sheave grooves and 
frozen (non-rotating) sheaves can reduce cable life 
by causing burning and eventually fraying. Whenever 
there is excessive friction between the cable and the 
other parts of a machine, burning usually results. 
Burned cable soon becomes brittle and cracks. Cracked 

Continued on page 34 











Drainage Study of 
Lower Damodar—IV 





By SATYAKAM SEN M.A. 


Change in the River Courses 

Damodar is a very old river. Ptolemy **® might 
have meant by his Dharmodaya the Damuda or 
Damodar river of the present day. The mention of 
this river has also been made by the cartographers, 
the travellers, the explorers, and the writers of the 
past. By studying the records and documents left by 
them it becomes obvious that the river has changed 
its course from time to time. As human map follows 
hydrographical map, ** it is clear that the change of 
the course of the rivers must have pronounced in- 
fluence on man’s activities. So, from the ancient times 
to the present day, the rivers must have played im- 
portant part in navigation, trade and commerce, as 
well as in the military affairs. Hence, the study of 
the shifting conditions of the river Damodar with 
reference to the trade ports and commerce of the past 
are essential. 


Source Material 
The source material of the study concerned is 
much scattered ; not only so, but sometimes the data 
or other evidence which become available can not 
even be relied wpon. 


Controversies are often liable to arise in regard to the 
data which are available from the early cartographers, 
travellers and historians. It is difficult to arrive at 
any definite conclusions on the basis of these data. 
Nevertheless, these data provide indications which 
serve to guide us-in our attempts to discuss the past 
conditions of the rivers. It may be pointed out that 
the main sources of information consist of the early 
maps of Bengal as well as the contemporary literature. 


Review of Early Maps 

The early maps of Ptolemy, Jao De Barros (1550), 
Gastaldi (1561), Hondivs (1614), Blaev (1645), Can- 
telli Da Vignolla (1683), Vanden Broucke (1660), G. 
Delisle (1720-40), Izzak Tirion (1730), F. de. Wilt, De 
I’ Anville (1752), Thornton and other sketch maps by 
unknown cartographers provide us with an idea of the 
relief and hydrology of the valley as well as the loca- 
tion of the towns. It is very difficult to determine the 
authenticity of some of these maps, because, the sub- 
ject of cartography was not so well developed then as 
it is to day. Secondly, the survey was probably visual 
rather than instrumental. So, with these available 
data, the magnitude of the rivers, the actual extent of 


the valley or, in other words, the past behaviour of the 
rivers cannot be fully determined. Rennel, the first 
English cartographer, surveyed the region; and 
his survey was probably more accurate than those of 
the other early travellers. 


Taking Rennel’s presentation as the base map for 
the historical study of the changes of the course of the 
river and the trade ports, later maps as well as the 
maps showing the present course of the river have 
been examined. By this comparison only, the changes 
in the direction of the river courses can be deter- 
mined. 


Gastaldi’s map of Asia (1561) and Hondiv’s map of 
the East Indies reveal that there were rivers coming 
from the north-west and the south-west, and falling 
into the river Ganga. River Damodar was not men- 
tioned in their maps. 


Vanden Broucke’s map of Bengal (1660) has men- 
tioned the Chotanagpur rivers like Ajai, Damodar, 
Rupnarayan, Subarnarekha, Burabalang and Baita- 
rani. The study of his map reveals that the rivers are 
more or less spaced in a parallel manner and flow 
from the west to the east, while at certain points these 
rivers swing into the south-easterly direction. The 
Damodar river and the Rupnarayan river were linked 
up by the channel Dhalkisore or Kana Nadi. 


Maps of Izzak Tirion (1730) and G. Delisle (1720-40) 
show that the river Damodar and the river Rup- 
narayan were flowing from the west to the east, and 
these debouched into the river Hooghly. (G. Delisle 
calls the Rupnarayan river as the Tameli river). 


The map of Bengal as drawn by De I’ Anville (1752) 
points out the following features :—River Damodar 
flows in a south-easterly direction, and from Silimabad 
it flows in a north-easterly direction and finally falls 
into the river Ugly. The river Damodar and river 
Tombali are linked up by a channel from Silimabad to 
Narringur. He mentions one river Joan Pardo iden- 
tical with the drainage line of river Saraswati. ‘“Mr. D’ 
Anville has brought the Saraswati into the Jellasore 
river in his maps, and supposed that the communica- 
tion took place a little above a village called Danton. 
If we look into an Atlas of Bengal we perceive that 
during the rains, at least, it is possible to go by water, 
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from Hooghly (town), through the Saraswati and other 
rivers, to within a few miles of Danton, and the Jella- 
sore river’’!?, 


Study of the rivers of Bengal as they were during 
the 16th and the 17th centuries, reveals that the river 
Damodar takes a bend to the south almost at right 
angles from near Jehanabad; and that another branch 
of the river Damodar flows in a _ north-easterly 
dirction and falls into the river Bhagirathi near 
Amboa. River Saraswati was a wide and more active 
channel than what appears to-day. 


Trade Routes and Trade Ports 

River-traffic in the Damodar has existed from the 
ancient times. It was mentioned in the Mahabharata 
that Yudhisthira travelled through the Ganga and 
came to the Sagar Sangam at the sea face. The most 
important artery of river-trade and commerce was the 
river Ganga which played the principal part in the 
economy of the country. The inland trade and naviga- 
tion through river channel have existed from time 
immemorial. The important towns and ports had 
naturally grown on the banks. 


It is observed from historical records that Tamralip- 
ta (modern Tamluk) was an important port upto 800 
A. D., and after 800 A. D., its decay was caused by 
the drying up of the river-bed of Saraswati and 
the lower reaches of Bhagirathi. It is believed that 
the Damodar river which flows at the southerly direc- 
tion, once formed the channel of river Saraswati. Dr. 
Nihar Ray is of opinion that the lower course of the 
Rupnarayan formerly constituted the river-channel of 
Saraswati®®. With the decay of Tamralipta as a port 
due to the change in the course of the river-channels 
there occured a phenomenal rise of Saptagram in the 
1400 a.p. under the muslim rulers. In the 16th 
century, when the deteroriation of the river Saraswati 
started, the trade-vessels would not ply in that river. 
Hence grew the Hooghly river into importance for con- 
ducting the trade and establishing the commercial tie 
between the East and the West. Portuguese, Dutch, 
French and English vessels thus anchored off the soil 
of Bengal. Thus the seed of colonial expansion was 
sown. The trade through the river-channel in this regi- 
on has been carried on since the early times. We know 
that the illustrious names of Srimanta, Chand, Dhana- 
pati,the traders who carried on seaborne trade between 
the Indian Archipelago and even Egypt are still 
remembered in songs throughout the country.®* 
“Ships and boats; both large and small, were used for 
navigation, and rivers were crossed by either boats or 
rafts of wood or basket work. The State maintained 
boats for hire, and took steps to destroy pirate ships 
37. Of course, the magnitude of trade carried on by 
boats and ships was not the same as it is to-day. The 
tonnage of yesterday’s ships are in no sense compar- 
able with that of the ships of to-day. The ships of 
yesterday which carried on trade, perhaps, were like 
the large boats of to-day. 


Tamralipta (Modern Tamluk) } 
It is a very ancient port; and according to V. De Saint 
Martin, Tamralipti existed 600 years before the chris- 
tian era as one of the most frequented ports of Eastern 
India. Prof. R. K. Mukherjee points out that ‘in the 
Periplus of the Erythraean Sea (Ist century A. D.) 
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there is a reference to a port onthe mouth of the river 
in Bengal very probably this is Tamralipti. In 410 a. p. 
Tamluk was still animportant seaport and was referr- 
ed to as such by the Chinese traveller, Fa Hien. But 
within the next two centuries the doom of this world 
famous port, which throughout had carried on a brisk 
trade with ancient Rome, reduced it to only an inlet 
of the sea. Thus the process of land formation, which 
resulted in Tamluk, once situated on the sea shore 
(Velakulam), now being 50 miles away from the sea, 
had begun about then. By the 10th century, the 
channel on which Tamluk was situated, and which 
afforded facilities for navigation, was silted up. 
Tamluk still continued, however, to be an emporium 
of commerce until the 16th century. For well nigh two 
thousand years, this far-famed port of the East was 
visited by foreign merchants from China to the Mediter- 
ranean. Here lay in anchor hundreds of Bengal’s 
ships which carried to very distant shores, along with 
the merchandise, culture, religion and art of Bengal 
through the epochs’ °*, Prof. Mukherjee also states. 
that the downfall of Tamralipta was associated with 
the decline of the tidal rivers like Rupnarayan, Haldi 
and Rasulpur. 


Saptagram or Satgaon 

As Tamralipta (modern Tamluk) declined, Sapta- 
gram or Satgaon rose to become an imporant port. 
“The chief city of the West Bengal was Satgaon, not 
very far north of Hughli. It was the great mart of Bengal 
to which nearly all the seaborne trade was brought’’?8, 
“It was the mercantile capital of Bengal from 
the Puranic age until the foundation of Hughli by the 
Portuguese—Bengal of the early Bengal Sultans, and 
of Shershah, Islam Shah and Md. Tughlak. ”’%4 Rak- 
hal Das Bandopadhya is of opinion that the ruin of Sat- 
gaon was due to the downfall of the independent king- 
dom of Bengal. He again writes—“‘In the year 1540 its 
harbour was becoming difficult of access for ships. The 
growing influence of the Portuguese was driving away 
all honest enterprise from the port’”.’* The growing 
Portuguese trade and the increasing shallowness of the 
river Saraswati necessitated a change of route for the 
incoming ships. The only alternative change of route 
was by the Bhagirathi which was not deep enough for 
large sea-going vessels. This again necessitated a tran- 
shipment from the larger sea-going ships to smaller 
vessels, which gave rise to Betur and ultimately to- 
Calcutta. 


It can be gathered from the views expressed by the 
Portuguese travellers that the Saraswati was once 
navigable by large vessels and its harbour deep enough 
for them to stand at anchor.2> When Rennel drew 
his map (1764), the Saraswati was “a small creek’’ 
being only 7 ft.6 inch deep at nighwater near its exit 
into the Bhagirathi.*® In the 17th and 18th centu- 
ries, subsequent to Shahjehan’s destruction of the 
Portuguese settlements at Hooghly, we find thetthe old 
trade of Satgaon divided among the various European 
settlements along the river Hooghly, in Chinsurah, 
Chandernagore, Serampore and Calcutta ®*, «....In 
port of Satagaon every yeare lade thirtie or five an 
the thirtie ships great and small, with rice, cloth of 
Bombast of diverse sortes, Lacca, great abundance of 
sugar, Mirabolans dried and preserved, long pepper, 
oyle of Zerzelive and many other sorts abounding 
with all things’’.?7 
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Betore 
Betore was one of the oldest European mart in Ben- 
gal. Portuguese vessels had to anchor here because 
perhaps the river was shallow upwards and possessed 
little water above Betore. 


Hooghly Town 

The Hooghly town, according to Alex Hamilton, 
“drives a great trade, because all foreign goods are 
brought thither to import, and all goods of the 
Product of Bengal are brought hither for exportation. 
And the Mogul’s Furza or Custom-House is at this 
place. It affords rich cargoes for 50 or 60 ships 
yearly.” **? Thus the Hooghly town grew as a 
port which served the economy of the hinterland of 
Bengal. 


Other towns like Kalna (Culna), Katwa (Cutwa), 
Dainhat, Bhaosinh, Millipur, Uddhanpur were deve- 
loped later on; and these carried out a large river-traffic 
and trade in salt, jute and cloth. The trade-marts 
arose on the Damodar in Selimabad, Babnabari and 
Kaslea. The principal commodities were coal, rice and 
timber. 


There was one river-route which existed in the 
latter half of the 19th century, which connecte: the 
Damodar river at Ranigunge with the Hooghly river 
at Baidyabati in Hooghli district. But the route has 
been suspended since 1874. 34 


Change in the River Courses 

When Rennel’s map is superimposed on'the present 
river sytem, all the changes which occured in the last 
200 years in the lower reach of Damodar, can be easily 
traced (See fig. 51). All the tributary streams are not 
shown in this map ; only those rivers are mentioned 
which have changed their courses. By super-imposing 
the present river system on the rivers shown in Rennel’s 
map, only the trend lines can be obtained. As the 
survey during Rennel’s time was not as accurate as 
it can be to-day, the directional change of the course 
of the rivers, the magnitude of the shifting of river- 
valley cannot be determined accurately. Starting from 
Ajay river and reaching upto the Hooghly point 
(where river Rupnarayan and river Hooghly meet), 
one can notice that considerable change has occured 
in the river courses. In the map, two old courses 
of river Damodar are seen. One course bifurcates from 
Selimabad, flows in a south-south-easterly direction 
and then turns to the north-north easterly direction 
and finally meets river Bhagirathi near Noaserai 
(above Tribeni). The main course of the river 
Damodar however flows in a southerly direction 
{passing through Amta), and falls into the river 
Bhagirathi. 


Another bed of the old Damodar exists from below 
Burdwan; this, flowing in an easterly direction, falls 
into the Bhagirathi near Kalna (following the course 
of the present Gangur river approximately).?® and *°. 
Along this course, the dead body of Lakhindar, 
the hero of ‘““Manashar Bhasan’’, a Bengali epic, was 
taken to a boat in the river Hooghly and this can be 
identified by the name of the villages mentioned in 
the epic. 


“Tn a map by Du Gloss, one of Rennel’s assistants, 
<lated 1776, the lower Damodar is shown, though at 
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Fig. 51 


present very much narrower at its mouth, and is 
called by its old name, the Mandalghat river . It split 
at Amta into three small creeks, so that the high 
flood discharge of the Damodar must have spilled and 
could not have been carried into the Hooghly by one 
channel. It seems probable that the Damodar has 
at notime discharged all its water into the Hooghly 
above its present outfall, but before the middle of 
the 18th century, at times, quite a fair percentage 
of its supply must have entered above the Moyapur 
bar when the upper branches, such as the Banka 
river, the Kunti river, and the Kana Damodar 
alternately were operating. Since the last diversion 
of Damodar about 160 years ago, the upper section 
of Hooghly has been deprived of this additional 
supply’’# (Fig. 52) 


The land between Selimabad and Kalna contains 
a large number of canals, conveying the district 
drainage to the Hughli; but though most of them 
commence from places near the Damodar, none flows 
now-a-days into the Hughli.2* The decline of the 
Saraswati inthe 16th century followed the formation 
of two branches of the Damodar flowing eastwards. 
One branch flowed into the Ganges at Niaserai, north 
of Tribeni, and the other into the Saraswati near 
Nursipour. The river Banka may be a relic of one of 
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the old Damodar branches. ‘The greatest change in 
the course of the Damodar seems to have taken 
place in the beginning of the 18th century. 


Sherwell states ‘‘although we have it not on record, 
we have it as tradition that about the year 1762, 
the Damodar which formerly flowed in the Hooghly 
at Naoserai, 8 miles north of Hooghly, burst its 
embankments, took an entirely new direction, 
reaching Hooghly at Falta.’’*! 


The diversion of Damodar R. took place in 1757 
through Kana Damodar as the bed levels of the Kana 
Nadi and Kunti Nadi were raised. Thus the upper 
section of Hooghly river has been deprived of certain 
amount of water-supply of Damodar river since 1757. 


Ancient course of Bhagirathi has also been changed 
considerably. Rennel’s map shows that the river 
Bhagirathi shifted its course to an easterly direction. 
The Saraswati river was also a wide river-channel and 
connected with Sankrail and Tribeni. The river 
Rupnarayan appears also to have shifted its course east- 
wards above Ranichak, while below Baxi, there is a 
slight westward deviation. 


_ Tosum up, the study, of the change in river courses 
in lower reach of Damodar reveals the swinging nature 
of the river (see Fig. 53). In 1550 (after De 
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Fig. 53 


Barros map) the main flow of Damodar water was 
restricted to the present Kana Damodar channel. 
In 1660, about 100 years after De Barros, Vanden 
Broucke showed that the main channel of Damodar 
was flowing through the Moja Damodar and falling 
into the Rupnarayan near the present Bakshi Khal. 
At that time, a large amount of Damodar water was 
flowing through the present Gangur and Behula R., 
finally falling into Bhagirathi R. near Kalna. The 
Bengali epic, Monshar Bhasan (1640) also confirms 
the view that the large volume of Damodar water was 
flowing through this distributary channel. This branch 
did not have prolonged life. In 1660 the Damodar R. 
which was flowing through Amta was a smaller branch 
of the main Damodar. It fell opposite Falta, into the 
R. Hooghly which was known at that time as Mandal- 
ghat R. It was a creek, no bigger than ordinary Khal 
in 1690. At that time (chart of 1690) the Kana 
Damodar which was a big channel in 1550, was dete- 
riorating very rapidly, the charts of 1720 and 1730 
represent it as a narrower channel. Ofcourse in heavy 
flood years (e.g. in 1762) a good amount of floodwater 
used to flow through this channel ; otherwise the chan- 


nel was shrinking. Ritchie and Laeam’s chart of 


1785 shows that the Kana Damodar was an insigni- 
ficant creek, meanwhile, ‘‘changes had been taking 
place in the upper branch of the Damodar or Kana 
and Kunti Nadi’’?? During the survey of Renell’s 
time (1760) the bed level of Kana Nadi had risen and 
he showed this river as the old bed of Damodar R. 
Dugloss (Rennell’s assistant) mentioned the Damo- 
dar channel flowing through Amta as the lower Damo- 
dar in 1776. In 1823 and 1840, the big floods, having 
discharge of more than 450,000 cusecs at Raniganj, 
used to flow through this Amta channel of Damodaz. 
An attempt was made to form a temporary dam on 
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the Damodar Muchihana in 1851. This evidently 
shows that in between 1700 and 1850 a.p. Tae 
Damodar flood water had alternately been opera- 
ting between Damodar R. (passing through Amta), 
Kana Damodar, and Kana or Kunti Nadi. The last 
big change occured with the opening of Bogna 
channel some 4 miles below Jamalpur in 1865. At 
present most of the Damodar flood water flows 
through this channel which is known as Kaki river 
below Muchihana, and then it flows through Mundes- 
wari river finally falling into Rupnarayan river. 


These changes in river course is, as a matter of fact, 
the normal phenomenon in the deltaic condition. 
Some writers are of the view that desertion of the 
old conrses and adoption of newer ones, probably 
result from tectonic disturbances. But this view 
cannot be supported fully unless adequate facts 
about tectonic disturbances and the details of the 
structural geology of the region concerned are known. 


Thus the swinging nature of the lower courses of 
Damodar can be observed from the past river beha- 
viour. The subsoil geology (as discussed in chapter 
II) depicts also the irregular nature of the sedimen- 
tation and formation of profiles. And these profiles 
truly confirm the swinging nature and the erratic 
behaviour of the river in its lower reach. 


Change in Drainage Conditions 

In the study of historical hydrography, the behaviour 
of the Damodar in its lower reach confirms the change 
in river courses as a normal phenomenon, and that the 
desertion of old courses often takes place for adopting 
newer ones. Consonantly with such river behaviour, 
we find that the change in drainage conditions in the 
lower reach of Damodar, is closely linked with change 
in the river courses. 


Source Material 

The source material of thestudy concerned, is 
derived from historical documents, both written 
records and maps. The data during the period ranging 
from 1550 to 1800 a. p. are derived from old maps, 
and the informations obtained from the study of 
change in the river courses. Much of the material after 
1800 a.p. have been obtained from government 
records and maps. The data relating to the present 
drainage condition were obtained by the writer during 
his recent field survey. It may be pointed out that any 
precise estimation of the changing drainage condition 
was difficult to make due to paucity of correct chrono- 
logical statistics and informations. However, a fair 
indication of the trend lines can be easily noted. 


Review of Drainage Conditions from early Maps 
(1550 to 1850 A. D.) 

Change in drainage conditions from 1550 to 1850 
A. D. shows that it depended greatly on the nature of 
flood vslume and intensities, and was closely linked 
with the changing trend of vhe river courses in the 
lower reach of the Damodar. One thing which is clear 
from the map (see fig. 53) is that even in the 16th cen- 
tury (i.e. 1550, after Barros) the main flow of the Damo- 
dar was confined to the Kana Damodar. The regional 
physiographic slope is from the north-west to th south- 
east, and so, the natural course, as followed by the 
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drainage line, is toward the south-east (i.e. Kana 
Damodar). Then a shift in the Damodar course took 
place. It swung on to the Kana Damodar on one side 
and to the Behula on the other side. The feature of 
topography in this tract is irregular, and probably, 
for this reason, the oscillating nature of the drainage 
conditions of the lower Damodar has been responsible. 
From the map it is also evident that an oscillating na- 
ture of the drainage conditions of the Damodar was in 
existence from 1550 to 1850 a. p. The perfect drainage 
conditions which existed in the lower Damodar in the 
17th century was along the Banka-Behula Gangur 
line. Contemporary literature and maps also supply 
enough proof that these drainage channels were 
quite navigable. The population density, growth 
of urban centre and river traffic were confined to this 
drainage line in the 17th century, but this imortance 
was shortlived. In the 18th century, the Damodar 
used to drain through the Kana, the Kunti Nadi and 
the Kana Damodar. Most of the prosperous villages 
found today along this drainage line had their origin 
in the latter part of the 17th, and the 18th century. 
In the latter part of 18th century, the Amta line of 
lower Damodar used to drain the tract, but this was also 
silted up and finally, the drainage line shifted towards 
west (i e. Kaki and Mundeswari channel). From the 
study of the past drainage conditions, the decay of 
streams below Burdwan is found to extend from north 
to south and south west and ultimately to the west. 


Drainage Conditions (1851 to 1860) 

A drainage survey was made between 1853 and 1857 
by a band of English workers. Amongst them were 
prominent men like Capt. J. P. Beadle, David Limond 
and C. Mcguinness. To ascertain the then drainage 
condition (1856) in the lower Damodar valley, Beadle 
surveyed the drainage lines of Damodar river (passing 
through Amta) and the conditions that prevailed in the 
Trans-Damodar area. David Limond surveyed the 
then dwindling streams, Kana and Kunti Nadi. 


Beadle’s map of 1856 shows the river Damodar, from 
Burdwan to 14 miles below it, ‘“‘averaging 1 mile in 
width, with a fall cf 13 ft per mile when meeting higher 
ground, or owing to some geological feature, its course 
turns to the south for 56 miles, averaging half a mile in 
width or even less, with a fall of 1.1 ft. per mile. 
The banks of the river average 10 ft. high; at Amta 
they are 15ft. The floods rise from 14 to 16 ft above 
the level of the dry weather stream, and the tide runs 
up toa little above Amta.” The activity of Damodar 
river was great, in 1854 near Burdwan, and was very 
small at Amta.*? The table No.33 (given later) gives 
an idea of the capacity of the Damodar channel as 
found in a flood of 1840. 


The flood having a discharge of 253,082 c. f. s. at 
Burdwan, reaches Amta with a discharge of 76,516 
c.f.s. So, about one third of the flood water of Burdwan 
passes through Amta. The Damodar takes a bend from 
Mohanpur, from Selalpore to Selimabad it moves at 
right angles to its own earlier direction. In this stretch, 
according to Goodwyn, the existing conditions do not 
“benefit the river bed but rather permit lateral expan- 
sion of the flood water to injure the banks and promote 
sand deposit, and lastly from the fall of the country, 
which is the highest at the margin of the river’’¢. 
Near Mohanpur (opposite Sialle) the channel is well 
defined and deep. The flood rise sometimes reaches up 
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to a dangerous level between Selalpore and Puspore. 
Below Puspore, the floods have not caused much alarm 
and have done no damage. 





MAP SHOWING LOCATIONOF SLUICES 
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The Damodar khal (present Moja Damodar) has the 
symptom of an inundating stream. ‘‘The clearness 
of the water may be mainly attributed to the Damoo- 
dah receiving no drainage or tributary, from 30 miles 
above Burdwan to Omptah, a distance by the river of 
fully 120 miles. Below Omptah it changes its character, 
flows through the valley of the Hooghly and receives 
a greater part of the drainage of the two Mundulghaut 
estates; yet here, with all this accession of volume, the 
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channel bed is narrower than it is above. Omptah is 
the limit of the effect of the tides, and this 
is where the river quite changes its nature. For, 
whereas above this point, its bed is pure sand; from 
here to the outfall at the Hooghly, it is silt brought by 
the tide-waters which are impregnated with the allu- 
vial soil through which the tributaries drain the valley. 
Above this point, there is no drainage into the Damo- 
odah owing to the high level of the tract through which 
it flows, but below this, it receives, through numerous 
muddy khals, the drainage of the low lands contiguous 
to the Hooghly’’**. 


Even in the middle of the 19th century at Amta the 
river was tidal. The tide at spring raised the dry season 
stream about 1 or 14ft. The level of this rise being still 
14}ft. below the surface level in floods, it is not supposed 
that the tides will affect the flood stream at Amta below 
the channel*®. 


In 1853, Col. Garstin also noticed ‘the effect of tne 
waves, raised by the south wind with the ebb tide, and 
injuring the embankments, as another difficulty in 
maintaining the lower Damodar channel’**. 


Kana Damodar 

The Kana Nadi, 100 years back, was a river of inun- 
dating type, particularly in between Selimabad and 
Baldanga; this nature also prevailed, though in a less 
degree, between Baldanga and Gopalnagar. The sec- 
tion between Baldanga and Gopalnagar has high banks 
which probably at some former period overflowed as 
far as Raddabatti; but below that place, it appears 
that the Damodar has been much more than a mere 
source of trouble to the generations, since it adopted its 
present course. By observing the mesh of watercourses 
and remembering the previous remarks about the 
Kana Nadi banks, it will be perceived that the Kana 
Damodar and Ranabandh khal are drainage channels 
of the country sloping inwards, from the left bank of 
the Damodar and the right bank of the Kana Nadi. 
The former loses itself in Rajapurjhil, while the latter 
becomes Madaria khal, joining the Damodar at Amta. 
The level taken by Lieuts. Picle and Johnstone show 
that the drainage of the country, between the right 
bank of the Kunti Nadi and the left bank of the Hoogh- 
ly, is inland with respect to each river, and is finally 
carried off by the Saraswaty Khal. 


A study of historical hydrography of the Kana Nadi 
provides ample evidence that when the river was open, 
it was incapable of innundating the embankments. 
An embankment was constructed along its left bank 
known as ‘“‘Tarajoli Chucklah”’. This was abandoned 
in the year 1853 or 1854. A dam was constructed 
on the Kana Nadi at Selimabad in 1853, where the 
width of the river in 1856 was 900 ft. The dam was 
removed 2 or 3 years after construction, “no doubt 
on account of these courses being equal to the removal 
of the drainage of the country between the Kana Nadi 
right bank and Damoodah left one, on the formation 
of the Kana Dam. The drainage of the country contain- 
ed between the semi-circle of the left bank of the Kana 
Nadi is carried off by the Ghea Nadi and tributary 
khals, of which there are several between the left bank 
of the Ghea Nadi and the Grand Trunk Road and 
the tract of country drained is such that it has been 
found necessary to embank the lower part of the for- 
mer river’’4?, 
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Trans-Damodar Area 

The trans-Damodar area in 1856, particularly the 
lands below Arambagh-Champadanga Road, accor- 
ding to Beadle, have always been inundated, often 
the greater extent than in ordinary floods. Below Pus- 
pore, the floods have not caused** much alarm, and 
have done no damage. At that time, below Rajbaulhat, 
most of the Damodar khal (at present the Moja Damo- 
dar khal) was dry. In the Trans-Damodar area (1856) 
the main drainage line which started just below Mohan- 
pur, was Sunkaree Nallah. This nallah which was 
pavalled to Damodar Road, used originally to fall into 
the Kana Dwarakeswar near Chingria village. A khal 
named Mondasurree used to meet Sunkurree Nallah 
below Arambagh Road. Thus the drainage lines at 
that time were Sunkurree, Mondasurree khal and 
Dwarakeswar. In 1856, preparations were going on 
under the then Bengal Govt. to form a dam on the 
Damodar river near Mohiddipur. “This Damoodah 
Dam,*® is to be erected at Modeepore (present 
Mohiddipur) from which water is to be carried through a 
small khal known by the name of Bagoah khal (present 
Begua-hana). This khal is mentioned in the map as 
falling into “‘Sunkarree Nallah’’. It was also pointed 
out that by erection of the dam, Ojarpore and nu- 
merous other villages on both sides of the khal would be 
benefited. Water being carried by this khal to Mon- 
dasurree, here again many other villages on both sides 
would be benefited. Altogether about 200 villages 
would be benefited by this dam. 


After the construction of the temporary dam across 
the Damodar near Mohiddipur, the Damodar water 
used to flow through Beguakhal and then through the 
Sunkaree Nallah. Today most of the Damodar water 
passes through Kaki Nadi and then flows through 
Mundeswari khal. Naturally, the Mundeswari has 
swollen in volume, and today it has become the main 
drainage line inthis tract. Besides, other small drain- 
age lines of 1856 are found to exist in 1956 in the form 
of dry khal beds, having occasional patches of grass 
useful for pasturing. 


In 1856 the Damodar khal (Moja Damodar) was a 
source of damage to the area concerned, and maintain- 
ed free drainage conditions, when the entire area was 
covered with a vast sheet of water, mainly due to 
spill and low topography. But today the tract is dry 
and desiccation is the rule, as today, the Moja Damodar 
has been completely silted up with a few small patches 
of waterlogged areas in its bed choked with water-hy- 
acinth. 


A canal which exists from Harinakhal and then 
divides intotwo branch channels has also been practi- 
cally silted up. 


Drainage Conditions (1956) 

A study was made during the pre-monsoon season 
(May. 1956) to ascertain the present drainage condi- 
tion in and around the lower Damodar Valley. The 
starting point of the field survey was just below Silna. 
From Silna to Jujuty, going along the main Damodar 
channel, it is found that most of the water of this chan- 
nel occurs on the left side of the embankment. A small 
quantity however flows in a braided course by the 
right bank. The middle portion, in between the two 
banks, is ac a considerably higher level, being so turned 
out by the huge deposit of bed sands. Within this 


portion of the main Damodar, many hamlets have 
grown between the right and the left banks. 


From Jamalpur to Paikpara (i.e. Muchihana) water’ 
is present in the channel, and most of it flows throgh 
the Kaki river. At Jothkubi (4 miles below Jamalpur). 
there is a considerable amount of water present in the 
channel; and it is here, on the left embankment, that 
a breach may take plaec in time of flood. From this 
stand point is may be regarded as a danger spot. 


From Mohiddipur onwards, the present Damodar 
channel has become constricted, and very little water 
flows through it. The banks of the river, upto Amta, 
have sometimes been utilised for cultivation, particu- 
larly after the monsoon, of different rabi crops. In the 
region, wherever the flood plain is fairly wide, there 
is cultivation, and there also exist some villages. The- 
oceasional sandy flood plains appear to be the rule 
sometimes, in the valley of lower Damodar. The Kana 
Damodar appears almost like a thread. No water is 
found in the river bed; only at depressions water 
is seen. The tide in the main Damodar channels are 
effective from Amta onwards, 


The drainage channels of the trans-Damodar area 
(i.e. between the Mundeswaririver andthe Damodar 
river) appear like dry elongated depressions with scat- 
tered patches covered with crops dependent upon rain- 
fall. But the land in between the drainage lines appears 
dry and parcned and sometimes dotted with deserted 
villages. Recenily the number of such deserted village 
has been increasing because more areas ar2 becoming 
dry. As no spill water happens to flood them, the 
fertility of the soil decreases. It was observed in 
course of the field work that prior to the construction 
of dams in the upper reach of the Damodar river, the 
flood water while passing this trans-Damodar area, 
often happened to destroy the standing crops by 
submerging the area to a considerable depth. It is 
necessary to have the trans-Damodar area flushed 
every year by spill, both from a sanitary point of view 
as well as that of fertilisation of the fields. A consider- 
able amount of water passes through Mundeswari 
river, 


Sluices or Drainage outlets 

Below Burdwan, on the bank of tne Damodar, there- 
are many sluices ; some of these are operated for irriga- 
tion purposes, some for drainage and a few for both. 


General Observations (1956) 

Most of the sluices (drainage and irrigation) that 
now operate, occur on the Damodar left bank. On 
the right bank, there are two sluices (at Serampur, 
and Hatomchak), but these are not in working order. 
Several cuts were made in these two right bank sluices 
during the flood periods which have occured since 
1942, for diverting the excess flood water to the agri- 
cultural fields. 


All these sluices on the Damodar left bank. right 
upto Hurope (6 miles below Amta), are not in acvion 
now. According to local information, some of the 
sluices were however operated during the 1953 flood 
(e.g. those at Bajeprotap, Nayachak and Someswar),. 
but the rest of them have remained inactive. In 
1954 and 1955 the lower Damodar river bed was 
almost dry. Very negligible amount of discharge 
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passed through the main channels, and as a result, 
most of the sluices, mainly irrigation, were not called 
into action. Sometimes, owing to abundance of rain- 
fall which also is evenly distributed, public demand 
for irrigation water is little. In such circumstances 
the sluice gates are kept closed all along. However, 
during the flood period also, sluices were kept closed. 
On. most occasions when sluices had been operated, it 
was in subsiding floods, as per local demand. Generally, 
flushing during the subsiding flood is done through 
the Kumrul, Champadanga and Binogram sluices, 
and right upto the sluice at Someswar (new) as per 
-demand by the local people. 


Stage, and Flushing of the Sluices 

All of tne Damodar left bank sluices (upto Amta) 
operate when the discharge at Rhondia is about 
200,000 cusees. The floor level of some of the sluices 
is too high ; and these do not operate unless the flood 
magnitude is high, reaching its danger level. Most of 
tne sluices can operate where the river level becomes 
higher than the floor level of the sluice channel (e.g. 
in Kumrul, F.L. is 46.09, the sluice is operated when 
river level is 47.50). In a rising flood, most of the 
flushing sluices are opened only when the river-level 
rises 3 to 4 ft. above the floor level. In a falling flood, 
the sluice is opened only when the river level is 1 to 2ft. 
above the floor level. In recent years, from 1951, the 
sluices have not been operated in full strength except 
in 1953, when a considerable amount of flood dis- 
charge passed through the channel. 


Sluices of the Madaria khal operate when discharge 
at Amta reaches 8000 cusecs and above. But recently 
the upland flood discharge flowing through Amta has 
been negligible. Naturally, the amount of upland 
flood discharge entering into the Madaria khal has been 
reduced. Under the circumstances, the sluices have 
not been able to operate successfully. Some amount of 
tidal discharge enters the Madaria khal with the phase 
of the moon. Only two sluices in this khal are used 
for irrigation, and the floor level of these sluices is 
more or less the same as the bed-level of the khal. 
The drainage sluices are used for irrigation only when 
the flood reaches a danger level with respect to the 
safety of the embankment. Then only excess flood 
water is used for irrigation. 


Discussion 

All sluices located on the Damodar left bank, 
starting from Burdwan and continuing up to Rashpur 
(4 miles above Amta), are used for irrigation purposes. 
About 11,856 acres of land are irrigated by the flood 
flushes controlled by sluices. In Someswar, the sluice 
channel is meant both for irrigation and drainage 
purposes, but, as was learnt recently from local in- 
formation, all the sluices below Someswar are used. 
only for drainage purposes. In this connection it 
should be remembered that the maximum limit of 
approach of the tidal waters is Rashpur. So, it appears 
that within the influence of the tidal limit, most of 
the sluices are operated for drainage purposes only. 


Table Nos. 34-38 give an idea of the sluices and 
their present conditions. Table Nos. 34-36 show that 
the water of the Damodar channel upto Rashpur is 
used mainly for irrigation, and from Someswar on- 
-wards it is used for drainage purposes only. The 


drainage channels, sometimes in the past, were used 
for irrigation only when the flood magnitude was high, 
and the Damodar embankment was in danger-level. 
But recently, in 1954 & 1955, the water that passed 
through the Damodar channel being negligible the 
quantity of water supply for irrigation was quite 
small. 


Table Nos. 37 and 38 show that most of the sluices 
become fit for operation after silt clearance every 
year. A huge amount of sediment is deposited, during 
the short visit of the floods, in the sluices channels. 
In most cases the floor level of the sluice channel 
is higher than that of the present river-bed. For this 
reason silt clearance of the floor of the sluices is neces- 
sary every year in order to retain them in proper 
working condition. As has already been pointed out, 
the two irrigation sluices at Madaria khal are 
more or less at the same level with the khal-bed. That 
is why these two sluices are used as the irrigation 
sluices while the others are drainage sluices 


Change in Drainage Condition 
The previous study relating to the behaviour of 
the changing river courses, reveals that in the 16th 
century the main drainage line of Damodar was along 
the Kana Damodar river bed. In the 17th century, 
the main drainage lines were along the Banka, Gangur, 
and Behula Rivers. In the 18th and 19th centuries 
the Kana Damodar, Damodar (passing through 
Amta and Moja Damodar) and Kana Nadi were the 
principal drainage lines, and during that time the 
Gangur-Behula drainage line had ceased to function 
as such. These three drainage lines, Kana Nadi, Kana 
Damodar and Damodar were alternately operating 
for about 200 years or so at the latest. Subse- 
quently these drainage channels had also been desert- 
ed when the flood water of Damodar began to flow 

through Kaki and Mundeswari (1865 4.p.). 


It is interesting to note that encroaching irrigation 
areas are found on the moribund drainage lines. 
When the volume of water of the drainage line de- 
creases, their basins become drier ; then these are used 
for irrigated crop cultivation. So, it is observed that 
both the Banka and the Behula-Gangur basins were 
used for irrigated crops. With the shift of the drainage 
lines of Damodar through Kaki, Mundeswari, the 
entire Kana Nadi and Kana Damodar basins suffered 
from dryness and supply of drainage water. Today 
the D. V. C. project schemes are operating to irrigate 
and excavate the dead and dying drainage channels of 
the Damodar on its left bank and on the upper por- 
tions of the spill area. At present, the dry areas of 
Kana Nadi and Kana Damodar have begun to be 
served by the Damodar Canal Project. 


The Eden Canal takes off from the Banka near 
Burdwan and runs parallel to Damodar along its 
left bank upto Jamalpur. This canal was opened in 
1881. The construction was made to supply water 
for sanitary purposes and to strengthen the Damodar 
left embankment ; also for the cutting down of the 
right embankment for relief of flood. The capacity 
of the canal is about 650 cusecs. Due to the removal 
of the right embankment, the amount of spill on it 
has increased. The construction of Damodar Canal 
was inaugurated in 1926-27, and the Canal was 
opened in 1932. Now with the inception of the D. V. C. 








32 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 








canals the map willchange. Resuscitation of drainage Taste No 34 
channels will take place in the rivers. The Kana Det 
. Sluices at Damodar Left Bank. 
Nadi, the Kana Damodar, the Ghea, the upper re- ———— 
aches of Gangur and Behula rivers are where impove- ' No. of Size Types Area ser- 
ment on the old drainage channels will take place. Location ventages served ved in 
acres. 

A study of the sluices of the left bank of lower Damo- Bacherhat 1 3x ‘5'9" Irrigation - 

dar shows that below Someswer (3 miles above Amta), Hapushper 1 5x6" : 606 


along the Damodar, the main function of the river is 
to drain the country. Unless the water reaches the  Selimabad 1 3x4 ” 50 
danger level, the sluices do not operate for irrigation 


purposes. All the channels and khals below Amta 7®™#!pur + x ” 200 
(e. g. Gazarpur khal, Nabin Babu’s khal, Purano  Kumrui 1 5x52" ‘ 800 
khal, Banaspati khal etc.) are used today mainly for 

drainage purposes. Thus the previous discussion Jearah 1 x3’ r» 200 

leads to the following points ; Chemasinens 1 3°26" 2 250 

1. The change in the drainage conditions occurred Bingram 1 2'6" x2’ Ra 150 
with the phenomenal change of river course,due | pM : 

to volume of floods and quick sedimentation *®?P"" . we x ” 2240 

of the river bed. Nayachak 1 2’9" x 3’44” a 960 

Balichak 1 5x 6'11” * 3840 


2. The rate of decay of the drainage condition is 
swifter, particularly during the monsoon season  gajeprotap 1 2/10" <4 - 1280 
than during others. 


Rashpur 1 3°42” fs 1280 
‘ ' ; me > a > as 20 j j > 
3. Considerable change has occurred in drainage  gomeswar (Old) 1 4’X5’7" Drainage & 2560 
conditions due to interference by man on the Irrigation 
river cycle (viz. through construction of embank- » (New) 1 2’5" x5'1" ” 2240 
ments as flood control measures, irrigation 
ee abe Deora 1 36"X4/10" ; 1920 
canals etc.). Thus it is observed that irrigation 
is confined to the moribund or decaying drainage Gazipur 1 2’ 4’3” Drainage 960 
areas. The study of present drainage outlets _ 
(sluices) aiso indicates that the drainage cordi- Udong 1 3/3" X3'74 ” 1280 
tion of the Damodar river up to Someswar Hesope , 3/2” <5'8” 2 2240 


aa AR aD Ani REC a oe 
the draiaage sluices are operated for irrigation. 
Scarcity of water from Jamalpur to Someswar 


is the cry of the local cultivators. sigezstegeediets 


Slulees at Madaria Khal (Left Bank) 














4. At present good drainage conditions exist along —— ——_-_____— SPEER EE Sere, a LOR ok 
with Mundeswari drainage line of the trans- No. of ” Type Area served 
Damodar area. Tne inundating nature of the Location ventages. Size served — $n acres. 
drainage lines and the onrush of spill waters Dilakas 1 856" Deninage 
have stopped particularly with the construction 
of D. V. C. Project. Gabtala 1 5’ xX 6’y" 

Kanpur 1 3’ x4’ Irrigation 
TABLE 33 Peuro 1 2°3” <2’ Drainage 
Capacity of Damodar Channe!. 1845 after Col. Sage Harispur 1 68” x 4’6” Irrigation (4 sq.miles 
approx) 
alingetel a 60 Kootalpara 1 26” x2’9” Drainage 
Location Miles Width of Mean Mean Discharge ———___-— 
. below flood stream Depthat Velocityin inc. f. 8. 
Burdwan bund to flood ft. per 
bund in ft. second TABLE No 36 
Sluices at Gaighata Khal 
Burdwan 0 4950 10 2.1 253,082 
" S P . 96 Te : No. of Types "Aves ser. 
ore 2 3 9. 2.2 3s : +2 A 
Selalpore ease ‘ eas Location ventages Size served ved in 
acres. 
Sure-kalna 193 975 16.9 1.0 NINE, :<cceinsa iat Mattineak teed lilt becteneensindiigsaiial aaa eianteidiaetamiabinininnaipee 
Santoshpore 30 1005 18.6 1.2 102,954 Koria 2 3’6” X6'2” Drainage & 
Trrigation 4480 
1 orgr 4 tad O° 
Serampore 35 2060 10.3 0.7 95,237  Gopalpur ‘ siahcoad . — 
Bainan 2 3’ x 8’ ” 5760 
Omptah 554 2220 10.1 76,516 





N. B. Drainage sluices operate for irrigation when flood water 
_-_-—— —— _—_—- reaches danger-level of the embankment. 











Editorial 


Amending the D.V.C. Act 


Ata recent press conference Mr.S. K. Patil, Minister 
for Irrigation and Power, Government of India, 
announced that the D.V.C. Act will be amended very 
soon and in place of the present three whole-time 
members there will either be a one-man body or one 
with several part-time members and a General 
Manager. The reason offered for this drastic change in 
the D.V.C. was that “80% of the work of D.V.C. was 
now complete and for the residual work to be done in 
years to come there was hardly any necessity of a 
Corporation of the size of the present type with all its 
paraphernalia.” 


Earlier the West Bengal Assembly had passed a 
resolution unanimously, pointing out that it was only 
acting as “a mere post office” in the matter of funds 
spent by the D.V.C. although the State was res- 
ponsible for 65% of the total budget of the D.V.C. 
while the Union Government had full control over it, 
though it pays only 25%. The West Bengal Assembly 
urged the alteration of the Act “by vesting the Union 
Government with the entire control and charge of the 
Corporation as in the case of T. V. A.” 


It is indeed interesting to note that while both the 
Centre and the West Bengal State want to amend 
the D.V.C. the motivations of the two are entirely 
different. While the Bihar State’s opinion or reaction 
is not clearly known. 


So far as we are concerned, we feel that if the D.V.C. 
Act has to be altered, it should be so done that the 
D.V.C. as an autonomous Corporation comes under 
the general control of the Central Government only 
and not under the three participating Governments 
asat present. Itisrather very delicate to work under 
and satisfy three masters, particularly when all of them 
are extra-sensitive by nature, as experience has 
has proved. We have held this opinion very strongly 
right from the very beginning and pointed out in our 
Memorandum to the Rau Committee that the basic 
weakness in the operation of the D.V.C. lay there. 
The Centre has provided the entire finance and it 
would be better and much less complex if the D.V.C. 
acted as the autonomous Agency of the Centre. Now 
that the suggestion is coming from one of the States 
itself, this should be fully accepted. 


Sri. Patil’s approach to the problem, as indicated 
from his brief press conference, is, however, entirely 
different. Indeed, as he did not appear to have ex- 
pressed his mind fully, there is likelihood of his 
approach being misunderstood and misinterpreted. 
We, however, shall be glad to stand corrected if that 
happens in what we state below. 


His approach to the D.V.C. is the “engineering 
approach,” of D.V.C. as a mere construction agency, 
not that of a development agency. But, if we are 
permitted to remind him of the time when the Act was 
under the anvil, it was conceived on the lines of the 
T. V. A. There lies all the difference. The fault is not 


merely his ; it is shared by the Centre, West Bengal, 
Bihar, and unfortunately even by the D.V.C. We 
stressed this integrated and unified develcpmental 
aspect of the D.V.C. so often that we do not wish to do 
so again. Here we would only point out that if our 
Minister would try to consider the problem from this 
angle, he would easily recognise that “80% of the 
work”’ as envisaged by Act, has not been accomplished : 
in fact the socio-economic aspects of the programme 
have even hardly begun. 


What was expected of the D.V.C. was to so develop 
itself as a new form of administrative leadership in a 
given region as to help and encourage all the possible 
forms of local community initiative centred initially 
round the programme of water control of a river 
system but later promoting a general alround develop- 
ment programme of the Valley Area. Has it succeed- 
ed? No. Was it even seriously attempted? To this also 
our answer is, no, with the added proviso that 
even when it was faintly attempted on occasions 
there was a continuous background of interference 
and objections from many quarters. Even in its own 
engineering administration, the D.V.C. can hardly be 
distinguished from the ordinary run of departmental 
administration today. The fault lay, to our mind, in 
the leadership of the D.V.C. It is, therefore, no use 
trying the autonomous authority system in a half- 
hearted manner, both by those who set up the autho- 
rity and by those who would constitute it. An experi- 
ment, to be worth while, must be carried through with 
the spirit which it represents. 


The T.V.A. in the United States has undoubtedly 
succeeded. Its very success has come in the way of 
similar institutions being multiplied in that country, 
as has been ably analysed by E.A. Ackerman and 
R.E. Lewry in their paper to the Regional Technical 
Conference on Water Resources Development in Asia 
and the Far East, held at Tokyo in 1954. We would 
have been glad if the D.V.C. were being criticised for 
similar reasons. Even so, similar kinds of vested in- 
terests are operating in India also. It is therefore 
necessary to be aware of these forces and to critically 
examine and re-examine the premise, even as stated 
by the Rau Committee, namely, “the Corporation 
method will be the best for the administration of 
multi-purpose river valley projects spreading over 
more than one state.’ If this premise is acceptable as 
sound, them a full and fair trial to it should be given 
not only in Damodar Valley but also in other major 
Valley projects. 


With the programme of rapid economic develop- 
ment heavily weighing in hand, the question of adopt- 
ing stable administrative principles can hardly wait 
endless ad hoc experimentation. A sense of suspense 
and indecision would itself affect the working of ins- 
titutions. Decentralisation is meaningless without 
devoluticn of authority with responsibility. It is in 


‘this broader context that we have to decide whether 


and how to amend the D.V.C. Act. 
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TasLe No 37 
Sluices at Damodar left Bank 





Required for at- Floor -levet of the sluice 








taining working channel from present ~~ 
Floor condition (silt) river-bed level 
Location level clearance (in ft.) 
per yr. 

Bacherhat 92.54 
Hapushpur 76.54 
Selimabad 60.53 
Jamalpur 59.60 2 to 3 
Kumrul 46.09 6 4’ high from river bed 
Jearah 47.70 6 46’ ,, 5 ” 
Champadanga 40.53 3 W 5, ” 
Bingram 39.43 4 Re ce Sow , 
Senpur 28.40 5 Oo ws ” 
Nayachak 19.96 + 4’ ” ” 
Balichak 18.12 5 4’6” ” ” 
Bajeprotap 19.06 3 So Ae Te % 
Rashpur 17.48 6 ae ” 
Someswar (old) 9.48 4 oe ayy 

>» (new) 11.77 1 to2 More or less same with 

the river bed. 
Deora 6.60 + ”» 
Gazipur 7.47 3 2’ to 2’6” high from 
river bed. 

Udong 5.60 5 6’ 9 
Hurope 8.62 5 4’ ” 


N.B. All these sluices operate when discharge at Rhondia 
attains 200,000 cusecs. 


INDIAN JORNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


TaBLeE No. 38 


Sluices at Madaria Khai 








Location Present bed level (sluice channel) 
Dilakas From Khal-bed 7’ high 
Gabtala ” ” 3’ ” 
Kanpur More or less same with khal-level 
Peuro From khal-bed 4’ high 


Harispur (new-completed in 
in 1950) More or less same with khal-level 


Kotalpara From khal bed 4’ high 





N.B. Drainage sluices operate when Amta gauge reaches 
20’ (or 8000 cusees). 
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Take Care of that Cable 


wires soon lead to frayed strands and a weak spot 
in the cable. 


The useful life of cable can also be reduced by 
operating over sheaves that shimmy. Shimmy is 
caused by worn sheave bearings and results in rope 
vibration which causes steel fatigue. 


After installing a new cable, treat it as you would a 
piece of new equipment. Don’t overstress it. Let it 
break in easy so that the individual wires and strands 
have an opportunity to stretch and position themselves 
in the sheaves and around the drum. Sudden starts or 
stops should be avoided. Jerking out slack can break 
even a new cable. “Bird caging” of the cable can 
result from sudden stops. The sudden reduction of 
tension weakens cable considerably. 


In almost every application in which cable is used 
there are points at which wear is more rapid. There- 
fore, it is economical to reverse the cable, end for end, 
when wear becomes apparent. 


Some owners have equipped their dozers with a 
small spare drum or reel of cable so only the length of 
the cable needed can be quickly fed through the “dead 
end” to replace the length of cable cut off or broken. 
When cable wear occurs on the drum end, the ‘‘dead 
end” wedge can be removed and new cable pulled 
through the system far enough to eliminate the worn 
section. The worn cable, anchored to the cable control 
drum, can be cut off as necessary and the “dead end”’ 
wedge reinstalled. Also, by cutting off one or two 
feet of cable periodically, ‘‘fresh”’ cable is located at 
critical wear points such as where bends occur and 
over sheaves. 


A similar method of obtaining maximum cable life 
can be used on scrapers. The reels, which are mounted 
on the scrapers, carry extra cable which can be pulled 
through the system a sufficient distance to provide an 
unworn section of cable over sheaves. The worn cable 
on the cable control drum can then be cut off as 
necessary. 











VoL.s7.0 





9 
Mack's are handling the heavy 


loads on India’s Projects 


For maintaining uninterrup- 
ted schedules, for reducing 
operating and maintenance 
costs... construction engi- 
neers know there are no 
equals to Mack Rear End 
Dumpers. The qualities that 
have made Mack the acknow- 
ledged leader in heavy-duty 
dumpers are top performa- 
nce... outstanding economy... 
maximum dependability. 


Here are some of the projects 
to which Mack equipment has 
been supplied: 


* Damodar Valley Project 
* Hirakud Project * Rihand 
Dam (20 Mack cement carriers 
supplied to the Hindusthan 
Construction Company) * Tata 
Iron & Steel Co’s expansion 
project * Nagarjunasagar 
Project. 


Remember, Macks in India are backed by Voltas’ unrivalled service 


and spare parts organisation. 


VOLTAS LIMITED 7 
Construction Equipment Dept., , 


Bombay * Calcutta * Madras * New Delhi * Bangalore 
Cochin * Lucknow * Ahmedabad * Secunderabad. 
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| REYROLLE SWITCHGEAR 





33,000 VOLT REYROLLE ‘‘ORT2’’ OIL CIRCUIT 
BREAKER, ON TRAILER, AS SUPPLIED TO D.V.C 
FOR A TRANSPORTABLE 132/33 kV SUBSTATION 


Reyrolle 


A. REYROLLE & COMPANY LIMITED HEBBURN - COUNTY DURHAM - ENGLAND 


Agents : 
BURN & CO., LTD. 
CALCUTTA BOMBAY NEW DELHI KANPUR 


BOMBAY CO. (PTE.) LTD. 
MADRAS & SOUTHERN INDIA 

















